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I

LOUVAIN SCHOOL OF MANAGEMENT

Abstract

Robo-advisors in asset management : towards a complete automation ?

by Naoki BAUDEWYN

Loris DRAOU

Like many service-oriented industries, the wealth management industry is deal-

ing with significant technological and human changes. In this paper, we investigate

the predominance of robo-advisors (RA’s) to manage wealth over the traditional fund

industry. The markets remain increasingly complex, competitive and are expecting

better returns through the use of quantitative technology in finance. In the context

where human behaviors are affected by emotions and cognitive bias, robots do not

show such feelings and may make better decisions than traditional advisors. This

paper examines the functioning of a RA and the opportunities it provides compared

to a traditional advisor. We discuss the pros and cons of each, as well as a compar-

ative fees study between three Belgian investment companies using this technology

(Gambit, Easyvest & Key Private). Our conclusions lead to hybrid solutions which

appear to be the best suited to merge the power and precision of the robots with the

personalized recommendation of the traditional advisors.

HTTPS://UCLOUVAIN.BE/FR/FACULTES/LSM
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1 Introduction

The financial industry is constantly seeking to develop and implement new tech-

nologies to provide financial services in the most efficient and inexpensive way. In

2008, in the wake of the financial crisis, the first robo-advisor has been made avail-

able for the public. This technology is an online financial advisor that applies al-

gorithms to automatically build, manage and optimize the investment portfolio of

a client by considering his risk level (Bjerknes & Vukovic, 2017). Today, assets

under management in the robo-advisor segment reach more than one billion dollars

for 220,000 users. Theses figures should double for the 2024 horizon (Statista, 2020).

With the ongoing digital revolution and the growth of these advisors, robots are

overshadowing traditional advisors. These financial advisors help the clients by

assessing their needs and objectives, defining their level of risk, and investing the

money of their clients according to this risk (Career Explorer, 2020). However, due

to human limitations, the RA’s (robo-advisors) are providing more technical services

and their recommendations are less biased than the traditional advisors. The aim of

this paper is to determine whether the robots could replace the profession of financial

advisor in the years to come, and to answer to our reseach question :

"Robo-advisors in asset management : towards a complete automation ?"

Through this paper, we will analyse the functioning of a robo-advisor from the work

of Harry Markowitz. In 1952, Markowitz introduced for the first time the mean-

variance optimization and launched the modern portfolio theory.

The first chapter of this paper will focus on the literature review where we will

discuss about the asset and portfolio management. Robo-advisors implement a pas-

sive indexing strategy, while the traditional advisors are willing to invest in active

management. We will discuss the benefits and drawbacks of both of strategies, as

well as their different approaches. Then, we will introduce the three forms of mar-

ket efficiency, introduced by Eugene Fama in 1970 where the choice of the invest-

ment strategy is based on the degree of belief in the market efficiency (Fama, 1970).

Furthermore, we will formulate the mean-variance optimization, its benefits and its
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limitations. We observe that even if the MVO has some drawbacks such as the error

approximation or the fluctuation of the assets across time, the MVO is a convincing

framework for asset allocation that let investors to build efficiently diversified port-

folios (Lam, 2016).

The second chapter will analyse the running of the robo-advisors that can be di-

vided into five main steps. We will emphasize the passive indexing strategy mainly

implemented by the robots, their tax-efficient behavior through the concept of daily

tax-loss harvesting and the portfolio’s rebalancing. We will also discuss why the

RA’s are investing into the exchange-traded funds (ETFs) and how the robots are

setting the investors’ profile using an online survey that assesses the clients’ risk tol-

erance (Abraham, Schmukler, & Tessada, 2019).

On the third part of the paper, we will compare the behaviors of robo-advisors

and traditional advisors. It forms the analytical part, where we will investigate if

the robots could be an efficient alternative to substitute the advisors. The chapter

emphasizes the human bias of an advisor, his struggle to realize tax-loss harvesting

and rebalancing. We will discuss about the impossibility of the RA’s to consider the

entire financial profile of an investor and their inability to address customized advice.

To support and back up our analysis, we interviewed Ken Van Eesbeek and Corentin

Scavée who are working respectively for Gambit and Easyvest, two financial institu-

tions that have developed their own robo-advisor.

Taken as a whole, with the ongoing evolution in technologies and a growing

demand for new investment tools, robo-advisors will later or sooner account for a

consequent part of the financial market. The findings of this paper suggest hybrid

solutions to be in line with the investors’ requirements.
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1.1 Methodology

As mentioned earlier, this paper addresses the following issue : "Robo-advising in

asset management: a transition towards complete automation ?". The future of the

finance and the quantitative methods linked to this sector are both subjects that con-

cern us as two future graduates in the financial sector. Since the financial crisis of

2007-2008, robo-advisors have taken a crucial role in asset management. Therefore,

there was a desire to understand their place in our society, their effectiveness, and the

human changes they may bring in the future. As future young employees, we were

wondering whether such a technology could replace the tasks of a traditional investor

and how the actual institutions are managing them.

To address this issue, we first discovered how those robots are working and the

difference between the most notorious robo-advisors. For this section, we mainly

made our research on the white papers of Betterment, Wealthfront and Schwab In-

telligent Portfolios, which are considered as the pioneers in this new technology. We

supported our research on the work of Bjerknes and Vukovic (2017) who desired to

discover the real efficiency of the RA’s and the difference between RA’s American

models and the Norwegian models.

Once, we were familiar with the work of the robots and the difference between

them, we made two interviews to get more practical information. We first desired

to interview a manager working on the development and the implementation of this

technology. We got in touch with Corentin Scavée from Easyvest, an investment

company of three employees. Easyvest developed its own robot a few years ago

given the growth of the robots in the US and the attractive market needed to be ex-

ploited. He told us how they set up Easyvest, how they implemented their robot, the

difficulties they faced when they launched the company and how he sees the future

of the financial markets. Ken van Eesbeek from Gambit talked about the evolution of

the Belgian market, the different models of the robot as well as the relation of Gam-

bit with its employees. Thanks to those interviews, we had a more hands-on view of

the technology, how these companies managed their clients and the daily impacts of
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the implementation of these robots on both the traditional advisors and the clients.

Besides, we made a call with Jeremy Sigart (Securex financial analyst), who supports

our conclusions on the benefits and drawbacks of the RA’s and the traditional advi-

sors. Our critics have been reinforced with the audit study of Mullainathan, Noeth &

Schoar (2012) where they emphasized the bias of the investment portfolios that are

in line with the financial interests of the advisors and the research of Lam (2016).

The coronavirus crisis has impacted our approach of working. We both were

working as interns this semester, but the crisis unfortunately locked us down, can-

celling the several meetings we planned beforehand. As a result, the interviews and

calls were done online.
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2 Literature Review

2.1 Asset Management

In finance, the term Asset Management applies to professionals who manage,

through funds, the money of pension funds, companies or institutional investors

(banks, insurance companies). An asset manager is the company, usually a sub-

sidiary of a bank or an insurer that creates and manages investment products on a

daily basis. More simply, the Asset Manager is the company to which individuals

and companies can entrust money to be managed through a fund, which is the invest-

ment vehicle (Lamour, Ramdani, & Rioche, 2020).

Asset Managers therefore engage in "management on behalf of third parties".

Management companies seek to obtain an adequate level of return over the medium

and long term according to a predefined level of risk. This asset management must

comply with specific regulatory constraints and be adapted to investor profiles. Nowa-

days, with the current technology and the speed of sharing information, the asset

managers have more knowledge about the markets. However, those tools own such

amount of information that it becomes more difficult to sort the right data from the

wrong (de Larminat, 2013).

Aude Couvreur (2018) lists four institutions where asset managers are used to

work: investment companies, investment management firms, private equity firms

and wealth management firms.

1. Investment companies are companies which issue securities and their main ac-

tivity is to invest in securities. The investment company will invest the money

provide by the investors and every investors will take part to the losses or the

gains of the company. The efficiency of the investment company will be set

up on the performance of the securities and other assets that the company pos-

sesses (US Securities and Exchange Commission, 2013). The investment com-

panies mainly invest in three types of funds: passively managed investment
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funds, actively managed investment funds and hedge funds (ING, 2020). The

two first funds will be explored in section 2.2

2. The investment management firms are firms which invest the money of the

clients by choosing the best selection of portfolio for them. The portfolio can

be diverse between fast-growing, risky stocks to safe but slow-growing bonds.

The goal is to satisfy the clients needs in respect with their risk aversion (Bright

Network, 2020). Their three main tasks is to evaluate clients’ financial goals

and approach to risk, monitor potential investment and create investment strate-

gies.

3. Private equity firms are a kind of investment often reachable for wealthy and

affluent investors. Here, investors raise large funds to buy shares of private

companies or take control of public companies in order to switch them private

and remove those companies from public stock exchanges. Those institutions

are generally constitute of large institutional investors, such as pension funds,

and private equity firms financed by a group of accredited investors. Through

Heel and Kehoe (2005), those companies in order to perform the best as pos-

sible and by creating value which outperform the market are moving to ac-

tive ownership. The active ownership allows investors to directly discuss the

environmental decisions as well as the social or corporate governance in the

company they have invested. By this actions, the investors can influence the

behaviour of the firms, specially when several shareholders are cooperating

(Robeco, 2020).

4. Some investors with a valuable financial asset often need services beyond those

offered by traditional financial advisors. Traditional asset management firms

deliver standardized solutions to their clients, while wealth management firms

offer customized solutions and service. In fact, people may have complex

investment portfolio with complicated tax situations, various businesses and

ownership interests, or other precise requirements (Lenke, 2019). Wealth man-

agement firms can provide a whole bunch of services ranging from tax and
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accounting advises, retirement planning, assistance with starting up or selling

a business, etc.

The core business of an asset manager is the "pure" management of funds: a job

done by the managers. Each manager, specialized by asset class, management strat-

egy and sometimes by geographical area, usually has several portfolios to manage.

They decide which orders to place in order to build and maintain their portfolios

while respecting regulatory constraints, the management process and any constraints

set by the client in the context of a dedicated fund or mandate. Rigorous research is

conducted using both macro and micro analysis tools. This includes statistical anal-

ysis of market trends, interviews with company officials, and anything else that can

help achieve the stated goal of appreciating client assets. Typically, the advisor will

invest in products such as equities, fixed income, real estate, commodities, alternative

investments and mutual funds. To do so, it may, or even must, rely on studies by fi-

nancial, economic or extra-financial analysts in the context of SRI (social responsible

investment), and on the guidelines set by the management committee.

2.2 Portfolio Management

During an investment process, the first step is to understand the investor’s phi-

losophy in order to answer its objectives. To suggest the best asset allocation, it is

important to determine the investor’s risk appetite and the time horizon of its invest-

ment. For robo-advisors (RA), this step is realized through online questionnaires

where the client has to answer to different questions regarding their age, monthly

income, their saving objectives, their level of financial instrument knowledge (ETFs,

stocks, bonds , etc.) and most important about their risk tolerance and how much

they would be ready to lose to achieve a higher return (Huikko & Hykkönen, 2017).

This part will be analysed later in section 3.4.

Once the allocation strategy is set, the investor can decide to manage actively or

passively its portfolio.
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2.2.1 Passive or traditional management

On the first hand, passive management is often associated with index management.

Passive management does not try to beat the markets by selecting securities or funds

that could outperform, it does not change exposure to the markets as the markets

evolve (Pant, 2020). Passive management generally keep its position during a long

time by investing in indices and ETFs. This strategy is supported by the RA’s. The

management fees of passive management are lower than those of active management

because they have fewer transactions expenses due to the low level of transactions

and additionally, they promote diversification. It is the reason why RA’s are using the

passive management (Friedberg, 2018). Traditionally managed funds can be invested

in equities, bonds or money market securities. Four main families of funds can be

identified for this type of management:

1. Equity funds: invested in equities, these funds may specialize in large caps,

small caps or even geographical areas (emerging markets, Europe, etc.) or

sectors (technology, health, etc.). Their benchmark therefore generally cor-

responds to a benchmark index (for example BEL20 for a fund invested in

Belgian equities).

2. Bond funds: these funds mainly invested in "corporate" bonds may offer dif-

ferent levels of risk/return depending on the proportion of their investments

in "junk" or "senior" bonds. They may also specialize in certain geographical

areas or reference currencies.

3. Money market funds: these funds, which present zero risk (apart from ex-

change rate risk), are invested mainly in government bonds. They therefore

offer a return close to the minimum rate of a country and are mainly used by

companies and individuals to invest their short-term cash. Their benchmark

generally corresponds to the reference rate of a country or currency, e.g. EO-

NIA or EURIBOR for the euro zone.

4. Diversified funds: funds of this type are invested in the different asset classes

mentioned above. Their risk/return will therefore vary according to the pro-

portion of the different asset classes in the manager’s portfolio.
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2.2.2 Active or alternative management

On the other hand, the aim of an active management is to make investment in order to

outperform the investment benchmark index or target return. The managers are using

some information distortion to reach excess return by considering the investor’s risk

appetite. Market timing and the stock selection are two factors of active manage-

ment which allow to get a significant excess return (Chen, 2013). Since the goal of

a portfolio manager who drives an active management fund is to beat the market, the

active strategy requires to accept more risk than for passive portfolio management.

Alternative management, unlike traditional management, is uncorrelated to the finan-

cial markets and aims for "absolute" performance, not relative to a benchmark. The

investor is therefore no longer exposed to the direction of the market, but directly to

the performance of the fund manager.

The fund manager’s aim is to exploit market inefficiencies to improve the per-

formance of his portfolio, thanks to arbitrage strategies but also to a wider range of

financial products than in traditional management. A hedge fund will thus be able to

use all types of leveraged derivatives but also short selling. Among the best known

alternative management strategies are global Macro, long-short equities, equity arbi-

trage, interest rate arbitrage, convertible bond arbitrage and futures trading.

There are two approaches to active management (CFI, 2020b):

1. Top down approach (technical analysis): It consists of first allocating the port-

folio among the various investment opportunities and then, within each cat-

egory, selecting the most suitable securities. It means assess the future eco-

nomic perspective (GDP, interest rate, inflation), then the growing sectors and

industries and finally, choose the best securities in the sectors selected.

2. Bottom up approach (fundamental analysis): The investors choose securities

based on opportunities, according to their particular characteristics, without

worrying about the overall allocation of their portfolio between different cat-

egories.This approach is mainly focus on various microeconomic factors such
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as the earnings and the financial parameter of a company, while the top down

approach is focused on the macroeconomic factors.

In addition to these two management methods, the manager may choose to adopt

a specific management style depending on the asset class, the portfolio strategy and

the desired earnings expectation (Mennechet, 2014) :

- Growth : investing in securities whose value is fair but which offer strong

growth potential

- Value: investment in securities that appear to be undervalued and have the

potential to increase in value.

- GARP (Growth At Reasonable Price): balance between Value and Growth

- Index: seeks to replicate the composition of a benchmark index, and therefore

its performance and risk/volatility level.

- Blend: index management with a risk portion uncorrelated from the index

- HTM (Hold To Maturity): investment in debt securities that will be held in the

portfolio until maturity.

2.2.3 Risk exposure

Whether an investor manages his portfolio actively or passively, he will not be exempt

of any risk.

1. Market risk: this is the risk of loss that may result from a negative change in

the price of securities or financial instruments making up a portfolio. Market

risk is quantified by measuring volatility, which indicates the extent of possible

price fluctuations. The two indicators used by the Risk Departments and mon-

itored by the Front Office and General Management are VaR (Value At Risk)

and TE (Tracking Error). VaR calculates the maximum amount of loss that a

portfolio can experience over a given period, with a given confidence interval

(or probability of occurrence). TE represents the standard deviation of a se-

ries of differences between the performance of a portfolio and its benchmark

(Alexander, 2008).
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2. Credit/counterparty risk: this is the risk that a borrower will not be able to

repay its debt when due. In order to manage this type of risk, the Risk Depart-

ments analyse issuers’ ratings and regularly draw up a list of counterparties

that one is authorized to do business with. In addition, in order to protect

themselves against the possible default of a counterparty, the Asset Managers

hedge their operations, in particular through collateral lines (in securities or

cash) or through the use of derivatives (Labarre, 2020).

3. Liquidity risk: this is the risk of not being able to refinance itself, either due

to a lack of buyers for a given security in a short position, or due to a lack of

cash on the money market. At an Asset Manager, liquidity risk is monitored

at two levels: the assets and liabilities of the funds. At the asset level, the aim

is to ensure that the securities or financial instruments in the portfolios could

be sold at any time and at a reasonable price. On the liability side, the goal

is to ensure that units are properly allocated among unitholders, in order to

protect against the risk of massive redemptions, which would require the sale

of a large quantity of net assets in a short period of time and could result in a

loss (Brunnermeier& Pedersen, 2009).

4. Operational risk: this is the risk of financial loss due to non-financial events.

The Risk Departments measure the risk of failure of procedures (control prob-

lems, incomplete procedures, etc.), processes (inefficiency), personnel (mali-

cious intent, fraud, error), information systems (breakdown, automated control

error, etc.) and the external environment (disaster, accident, etc.). This mon-

itoring has been reinforced and systematized with Basel II regulations, and

should be further reinforced with Basel III. The corollary will be the Business

Continuity Plan (BCP) in the event of a proven operational incident (Bank for

International Settlements, 2011).

2.3 Market Efficiency

The choice of the investment strategy is based on the degree to believe in the mar-

ket efficiency. Eugene Fama introduced the concept of market efficiency in 1970 and
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he believed that the ideal market is a market where price support an authentic signal

for resource allocation (Fama, 1970). Through its theory, when a market is suffi-

ciently developed, and the market’s information is known by all players – the players

are supposed to be rational - they react almost instantaneously and correctly.

This theory implies that if the markets are efficient, no investor can succeed in

getting an abnormal profit in the market for a given level of risk. All investors get

the same information and interpret the information on the same way. In the long

run, therefore, "beating the market" is impossible. The over- or undervaluation of an

asset is thus impossible in an efficient market and the price of each asset is a perfect

reflection of the broadcast information. In fact, the price of an asset is equal to its

theoretical value.

Fama distinguishes three forms of efficiency, classified according to the ability of

agents to obtain market information (Jensen, 1978):

1. The weak form: the only variable explaining the current or future price of an

asset is the historical price of that stock. Therefore, the past performance of a

stock cannot be used to predict its future price.

2. The semi-strong form: It implies that all public information is incorporated

into the overall information. Public information contains mergers, dividend

announcements, redundancies, annual results, etc.

3. The strong form: All information, whether public, past or private, is instantly

integrated into the asset price. This implies that all market participants have

access to the same information and interpret it in the same way (Dupray, 2018).

In 1986, Fisher Black proposed a model of financial markets where there exist

two kinds of market participants: the informed traders and the noise traders. For him,

some people are trading information according to the usual way and those traders –

the informed- are expecting to make profit from these transactions. On the other

hand, some traders sometimes make transactions based on the noise, it means on

misinterpreted information. “The noise is what makes our observations imperfect”
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(Black, 1986). The noise traders are expecting to make some significant profit, but

they are wrong. For Black, those two types of investors are essential for the running

of the financial market. If everyone was acting the same way or had the same beliefs,

no one would act. It is thanks to the different approaches that inefficiency is built.

2.4 Modern Portfolio Theory

The feature particularly highlighted for a robo-advisor concerns the algorithmic

management of the investment portfolio. As already mentioned, most RA’s have an

algorithm that automatically generates an asset allocation according to the investor’s

risk appetite. While most robo-advisors have their own algorithm, the theoretical

basis – especially used by the American RA’s - is always the same: The Modern

Portfolio Theory (MPT). Introduced by Harry Markowitz in 1954, it allows the de-

termination of a stock selection process to obtain an efficient portfolio. Efficiency

is defined as maximizing the profitability of a portfolio for a given risk or, similarly,

minimizing the risk for a fixed return (Leite, 2016). In 1964, James Tobin will extend

this theory with the process of the mean-variance optimization (MVO).

Markowitz has postulated six assumptions to its model (Diksha, 2020; Bâ and

Wade, 2012):

1. Any investment is a decision taken in a situation of risk: for any future period,

the return on a financial asset is characterized by a random variable, which is

expected to be distributed according to a normal distribution.

2. Investors are rational and their goal is to maximize their utility with a disposed

level of income.

3. Investors have free access to fair and correct information on the returns and

risk.

4. The markets are efficient (see section 2.3).

5. Investors are risk averse and try to minimize the risk and maximize return.
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6. Returns on different financial assets do not fluctuate independently of each

other. The assets are correlated; thus, they have non-zero covariances.

2.4.1 Diversification

The basis of Markowitz’s theory is the diversification. The reasoning is intuitive,

if two securities vary in opposite directions over time, then the decline in value of

the first may be compensated by the increase in value of the second which occurs

simultaneously. It allows to avoid – at least partially- the loss of the portfolio. In

other words, it allows to remove the specific risk, also called idiosyncratic risk. There

are two kinds of risks (Markowitz, 1952):

1. The risk specific or idiosyncratic risk: it is the risk of a company that increases

due to the company specific characteristics.

2. The systematic risk or market risk: it concerns the risk which represents the

sensitivity of a stock to movements in the market, such as interest rate changes

and economic cycles. It touches all enterprises and therefore, it will always be

present in every portfolio.

Mathematically, we can represent the total risk as follow:

σ
2
port f olio = σ

2
speci f ic +σ

2
systematic (1)

Due to the diversification, the risk of a diversified portfolio is less than the weighted

average risk of each security involved in the portfolio, that is what we called the di-

versification gain.

When the asset allocation is built, it should not lead to individual security selec-

tion but should instead be based on a study of the existing correlations between the

different securities present on the market. When correlation between the selected

securities is low or even negative, the diversification gain will increase and, conse-

quently, the lower the specific risk will be. While the correlation between several

securities is high – it means close to one – we cannot expect diversification, they

will bring low diversification and gain, and the specific risk will be important. These
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statements are illustrated in figure 1 (Blumenthal, n.d).

We can denote that a correlation of zero means that there is independence be-

tween both securities, and no one has influence on the other.

In the literature, we define three kinds of differentiation:

1. Time diversification: Séjourné defines the time diversification as “reducing

the proportion of risky securities in the portfolio as the investment approaches

maturity” (Séjourné, 2007). Through its work, he defends that with the time

diversification, the shareholder’s risk is lower, the more the time horizon is

long. He states that the portfolio should be invested with risky equities at

the beginning of the time horizon, and the more we reach the maturity, the

investment in risky equities should decrease.

2. Geographical diversification: It is the act of broadening its investments in risky

assets in the financial market of different countries. In diversifying its portfolio

by geographical area, the goal is to reduce the systematic risk. The exposure to

the risk of a crisis in another country (change of the value of the local currency

or particular decision of the national bank, for example) is reduced thanks to

the diversification of the portfolio (Schipperijn, 2018).

3. Sector diversification: This consists in including the shares of companies be-

longing to various sectors of activity in the investment portfolio.
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FIGURE 1: Risk specific vs Risk systemic (Bjerknes & Vukovic,
(2017, p.15))

2.4.2 Mean-variance Optimizaton

mean-variance Optimization has been introduced by Markowitz in 1952. MVO is a

quantitative tool which allows to allocate optimally the investment between different

assets. This tool considers the agreement between return and risk. We differentiate

two kinds of MVO (Markowitz, 1991):

1. The single period MVO: This is the MVO, we are going to focus on and the

goal is to maximize the expected return based on a level of risk in order to

allocate a portfolio.

2. The multi-period MVO: Also called Constant Proportion (CP), or Constant Ra-

tio Asset Allocation (CRAAL), the aim is to maximize the multi-period return

for a certain level of risk.

Markowitz was the first to theorize the financial management of portfolios and its

model suggests a selection procedure for several stock market securities. Its works

was based on statistical criteria, in order to obtain an optimal portfolio. Indeed,
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Markowitz starts from the principle that the returns generated by a security or asset

are random variables. He proposed the first two moments, the mean, as the mea-

sure of the expectation, and the variance to measure the risk perceived by a rational

investor (Kolan, 2016). More precisely, Markowitz proofed that every investors are

expecting to maximize its returns at the lowest risk’s portfolio. Thus, the "efficient

portfolio" is the most profitable portfolio for a given level of risk which is graphi-

cally represented by the efficient frontier. To determine this efficient frontier, some

quadratic programming methods are applying and developed in appendix 7.4 .

In 1958, the work of Markowitz has been extended by James Tobin, who proved

that a portfolio could be constructed by combining both risky assets with a risk-free

investment. In fact, for Tobin, a risky portfolio can be optimally integrated with

lending or borrowing at the risk-free rate (Tobin, 1958). Tobin named The Tangent

Portfolio - the portfolio where the line through the origin is tangent to the efficient

frontier- the portfolio with the highest Sharpe Ratio for any combined portfolio pos-

sible. The Sharpe Ratio is used to measure the profitability of a portfolio in relation

to the risk taken. If the ratio is below 0, it means that its return is less profitable than

a non-risky asset, while if the ratio is positive, the higher the Sharpe ratio, the higher

the reward for taking the risk.

S =
rp− r f

σp
(2)

The last equation is the Sharpe Ratio were rp represents the risk of the portfolio,r f

the risk free rate and σp the volatility of the portfolio.

We know that through the modern portfolio theory, when we include an asset

with a low correlation into a diversified portfolio, the risk of the portfolio can de-

crease while keeping a same level of return. Besides, if the investors recognize that

the risk is similar to the volatility, the Sharpe Ratio could increase when adding di-

versification, while it will remain weak in other cases.

Tobin introduced the framework of Separation Theorem where the research of
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an optimal portfolio for an investor with a certain level of risk can be divided into 2

stages. First, determine the optimal portfolio of risky assets. Then, we choose the

best relation between the investments in the tangent portfolio and the risk-free assets

(Rzepczynski, 2018). Therefore, all investors should have their portfolio along the

efficient frontier, including the risk-free investment, as illustrated on the following

figure.

FIGURE 2: Efficient Frontier (Rzepczynski, 2018)

2.4.3 Limitation of the Mean-variance Optimization

As seen in the previous section, mean-variance optimization is a powerful tool to

determine the optimal allocation of investments. The framework is simple as it uses

the mean, variance, and covariance of asset returns to find the trade-off between re-

turn and risk. However, the MVO has some limits and we will discuss about this

limits in this section.

The first limit concerns the approximation of the error. Through the research

of the MVO, we posed assumptions about the means, variances and covariance of

different assets. However, we didn’t consider the skewness or kurtosis of these assets

which are important to highlight different characteristics of the distribution of the
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three factors (i.e. the periodic return). For Cremers, Kritzman and Page, to maximize

the expected return, two conditions must be fulfilled (Cremers et al., 2003):

• Returns must be normally distributed

• Investors must have quadratic utility.

A normal distribution considers that, for several observations, all values in the

sample will be distributed equally above and below the mean. However, the market-

place is not perfect and mainly affected by unpredictable human behavior (Trevier,

2015). The stock markets are not following a normal distribution, but a “fat tails”, i.e.

extreme events happen more frequently than expected. The financial crisis of 2007-

2008 has highlighted these imperfections of the market, even when everything is well

built, unexpected events can happen. During the crisis, we discovered that the returns

of some assets had considerably gone up and down, which highlights the importance

of fat tails throughout the finance industry (Klement, 2016). A second limitation of

the normality assumption concerns the variance, being a symmetric measure, it can

not determine skewed distribution. Therefore, we will assist to an under-allocation

of the assets because they will appear riskier than the reality if they follow a positive

skew, while they will attend over-allocation if their asset return follow negative skew

and will seem less risky than they are.

The second condition implies that investors are indifferent to any deviations and

it involves that for a certain level of wealth, investors prefer less wealth to more

wealth. However, economists typically assume that rational investors prefer upside

deviations and growing their wealth. Besides, investors desire to preserve the same

percentage allocation to risky assets as their wealth changes.

The second limit of the MVO is the assumption that assets correlations don’t fluc-

tuate across time (see the 6th Markowitz’ assumption in section 2.4). During a crisis

period, the correlation between asset returns tend to diverge from long-term correla-

tion level and are willing to increase. This rise can be explained by changes in the

underlying relationships that define returns (Loretan & English, 2000). The increase
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in assets correlation intensifies conjointly the correlation of these assets with the mar-

ket and consequently, extends the systematic risk. This risk being not separated from

the risk specific in the MVO, the measure of the volatility, beta, will rise whatever

the diversification strategies. We expect the divergence of the asset correlation in the

long term are essentially low, therefore, the investors can beat the second limit by

spreading their time horizon (Bjerknes & Vukovic, 2017).

As result of using expected value instead of true values in the MVO process, the

last limit of the mean-variance optimization is the estimation of error. Broadie has

discerned three different efficient frontiers (Broadie, 1993):

• The estimated efficient frontier which is a frontier based on the estimated pa-

rameters

• The actual efficient frontier is built on the same way than the estimated efficient

frontier but with actual parameters.

• True efficient frontier is the frontier based on the true but unknown parameters.

The estimated frontier is the only frontier that is observable in practice. The

two others are unobservable because the true parameters are unknown. The actual

efficient frontier will always be situated below the true efficient frontier due to its

estimation errors resulting from unknown parameters. Michaud (2008) affirmed that

the MVO frequently maximizes the estimation error by underweighting securities

with shorter expected return, positive correlation and broader variance, while the

model overweight the securities with larger expected return, negative correlation and

a short variance. This effect is called the optimizer’s curse, when we compare actual

results with value estimates, we should expect to be disappointed on average because

the actual results are worse than the original (Smith & Winkler, 2006).

2.4.4 Capital Asset Pricing Model

In 1960, William Sharpe (1964), John Lintner (1965) and Jan Mossin (1965) in-

troduced the capital asset pricing model (CAPM). The CAPM provides an estimate
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of the rate of return expected by the market for a financial asset based on its system-

atic risk. CAPM is useful to measure risk and the relation between expected return

and risk (Fama & French, 2004). Sharpe has built different assumptions when he

developed the model. First, the investors can deal all securities at competitive market

prices, and they don’t have to pay taxes or transactions costs. Besides, they have the

possibility to borrow and lend at the risk-free interest rate. Secondly, the investors are

rational. Finally, the investors have homogeneous expectations regarding the volatil-

ities, correlations, and expected returns of securities (Sharpe, 1964).

The CAPM formula is the following:

E[Ri] = R f +βi(E[Rm]−R f ) (3)

Where:

• E[Ri] is the expected return of investment

• R f is the risk-free rate

• βi is the beta of the investment

• E[Rm]−R f is the market risk premium

The beta computes how much risk the investment will add to a portfolio similar

to the market. If the securities are riskier than the market, then β > 1, while if β < 1,

we can say that the security will reduce the portfolio’s risk (Kenton, 2019).

The aim of the formula is to assess whether a security is well valued when its risk

and the time value of money are measured to its expected return.

The figure below represents the portfolio opportunity and explains how the CAPM

works. The ordinate axis represents the expected return of the investors and the ab-

scissas axe shows the volatility of the portfolio. The minimum variance frontier

(MVF) represented by the curve abc shows the combination of the expected return
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according to a certain level of risk for a portfolio with risk assets. The point a rep-

resents a portfolio with a high expected return on its investment but accepts high a

level of risk. At the point T , there is a trade-off between a certain return and a lower

volatility. In a situation where there is no risk-free rate, only portfolios above b and

along abc are mean-variance efficient for the same level of risk, where they maxi-

mize the expected return.

On the other hand, in a situation where there is a risk-free rate, the efficient is set

into a straight line. The risk-free asset corresponds to the assumed risk-free govern-

ment bonds and its return is not correlated to other assets. At the left extremity of the

security market line, there are only risk-free rate assets. The mean-variance efficient

portfolio with the riskiest asset is illustrated by the tangent to the minimum variance

frontier. When the straight line is tangent to the MVF, we get the optimal portfo-

lio composed with risk-free asset and a single risky tangency portfolio, T (Fama &

French, 2004).

FIGURE 3: CAPM (Fama & French, 2004)
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2.4.5 The Fama-French Three-factor Model

The Fama-French Three-factor Model is an extension of the CAPM. The model de-

fines stock returns through three factors:

1. Market risk

2. The out-performance of small-cap companies as respects to large-cap compa-

nies

3. The out-performance of high book-to-market value companies versus low book-

to-market value companies.

The Fame-French Three-factor highlights companies with high book value and a

small-cap which tend to frequently outperform the overall market. Through the

model, on a long horizon of time, the small companies are overperforming the biggest,

and value companies surpass growth firms. (Fama & French, 1996). The mathemat-

ical representation of the model is:

r = r f +β1(rm− r f )+β2(SMB)+β3(HML)+ ε (4)

Where:

• r is expected rate of return

• r f is the risk-free rate

• β is the factor’s coefficient (sensitivity)

• (rm− r f ) is the market risk premium

• SMB (Small Minus Big) is the historic excess returns of small-cap companies

over large-cap companies

• HML (High Minus Low) is the the spread in returns between companies with

a large book-to-market value ratio and companies with a small book-to-market

value ratio (CFI, 2020a).

• ε represents the risk
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3 Robo-Advisor Methodology

In the following section, we discuss about the functioning of a robo-advisor. The

functioning of a RA can be divided in five steps and based on the research of Bjerk-

nes and Vukovic (2017), we are going to illustrate those different steps with three

notorious investment companies pioneers in the RA industry: Wealthfront – Schwab

Intelligent Portfolio and Betterment .

The standard workflow of a RA includes 5 main stages (Beketov, Lehmann &

Wittke, 2018):

1. Asset class selection: Select a representative asset classes to invest in.

2. Investment vehicle selection: Select low-cost and risk-efficient instruments to

represent each asset class

3. Constructing optimal portfolios: The aim is to achieve an efficient portfolio of

the previous class of assets

4. Risk tolerance assessment: Select the best portfolio with an adequate level of

risk, to define the risk tolerance of the investor

5. Ongoing portfolio management: Provide the monitoring options, the rebalanc-

ing and tax-loss harvesting.

3.1 Asset Class Selection

The first step is to choose an asset class with an attractive risk and return character-

istics, it means a class of assets with a low correlation to rise the diversification of the

portfolio (see section 2.4.1). To diversify the portfolio, the traditional attitude would

be a mix of domestic stocks and bonds. Domestic stocks are issued by a company or

institution of the nationality of the financial market on which they are issued. They

provide an exposure to the biggest companies of the world and allow the investors to

invest in some of the world’s most successful companies (Infinance, 2020 ; Fidelity,

2020). However, due to the new economic condition, the asset allocation model of
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RA’s have recently changed over the last years. The RA’s being based on the modern

portfolio theory, the arrangement are realized to highlight the new market realities.

Moreover, the non-traditional asset classes which are keeping expanding are also in-

cluded (i.e. gold). This adjustment comes from the class of assets which have turned

out to be more highly correlated than before as a result of the interconnectivity of

the financial market since the 90’. The markets respond quicker than before, and

the amount of information circulating has increased. Therefore, a diversified portfo-

lio could own domestic such as international stocks, stock from emerging countries,

bonds from Treasuries, from high quality company, . . .

During this last decade, in Belgium, the long-term interest rate has dropped from

almost 4% to -0.13% in February 2020 (CEIC, 2020). This low interest rate en-

courages the banks to loan money, while companies and investors keep spending

rather than paying fees to hold their cash in a bank account (Kuepper, 2020). Given

such a low interest rate, robo-advisors suggest a panel of fixed income as high-yield

bonds, developed market bonds and emerging-market bonds. Besides, The Belgium

10 Years Government Bond has a 0.031% yield and this low percentage decreases

the excepted return on stock because the expected return is the sum of the risk-free

rate and the stock’s risk premium (World Government Bonds, 2020).

The RA’s will take plenty of different parameters and environment to select the

best class of assets. It will consider the historical behavior in distinct economic sit-

uation, the future behavior according to the market trends but also the risk-return

relationship conforming to the asset pricing theory. Every class of assets is assessed

regarding the capital growth and the revenue generated it can bring to the portfolio.

For example, Betterment (2020) emphasizes that their classes of assets must support

tax-loss harvesting through appropriate securities. In fact, Betterment scans portfo-

lios frequently for opportunities to realize losses which can be valuable when filing

the tax return. We will cover the tax-loss harvesting in the section 3.5.2 .
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3.1.1 Tax Efficiency

Tax-efficient asset investment is the practice of determining which investments

should be kept in which account based on the tax efficiency of each investment.

When an investor has both tax-efficient accounts and regular taxable accounts, they

have to protect the least tax-efficient assets and put the most tax-efficient assets in the

regular taxable accounts. In this way, they pay less tax and keep more of their return

(The Finance Buff, 2018). Robo-advisors suggest two kinds of accounts: taxable and

tax-deferred account. A tax-deferred account is a class of financial account where,

instead of paying your tax the year where you generated the money, you pay taxes on

withdrawals at some point in the future (Rosenberg, 2019). RA’s are positioning the

least tax-efficient asset into tax-deferred account, while the most advantageous are in

the regular taxable accounts. Besides, bonds are often placed in tax-deferred account

because their income is often taxed at upper rate than capital gains. Daryanani and

Cordaro (2015) point out that the tax-efficient placement gives a return between 10

and 20 bp per year compared with the classic asset placement strategies.

3.2 Investment Vehicle Selection

The second step of the methodology is to determine for each selected asset classes,

the best investment vehicle to represent the robots. Through the research of Bjerknes

and Vukovic (2017), all the robo-advisors they analysed invested in Exchange Traded

Fund (ETF) rather than in individual securities. James Chen (2020a) defined an ETF

as follows “An exchange-traded fund (ETF) is a type of security that involves a pool

of securities - such as stocks - that often tracks an underlying index, although they

may invest in any number of industry sectors or use a variety of strategies.” They are

comparable to mutual funds, except that ETFs are quoted on the stock exchange and

are negotiated throughout the day on the common market.

3.2.1 Exchange Traded Funds

ETFs, also known as trackers, are an investment vehicle that combines the advan-

tages of index funds and equities.
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An index fund enables investing in many stocks at once. More specifically, an

index fund is an investment fund that replicates the performance of a stock market

index, such as the BEL20 or S&P 500, by buying all the shares that it contains (Se-

gal, 2020). Instead of buying 100,000e worth of AB-Inbev shares, the investor puts

100,000e into a large pool - where other people have also placed money - and the

index fund manager then uses this pool to buy all the shares in the BEL20 index, for

instance. To accurately replicate the performance of the index, the manager takes

into account the differences in size and capitalization between the companies that

make up the index: he or she buys a lot of shares in large companies and a few shares

in small companies.

In other words, investing 100,000e in an index fund means that the investor sim-

ply buys the equivalent of 100,000e in share prices. Since the investment strategy of

buying all the shares in an index and keeping them for a long time is relatively sim-

ple, index funds are not very cost-intensive. They cost less than actively managed

funds.

ETFs are, to put it bluntly, listed index funds. Just like index funds, ETFs function

like jackpot funds whose money can be used to buy diversified asset classes (stocks,

bonds, commodities). Like equities, ETFs are listed and traded continuously, so they

can be bought and sold on the markets. ETFs offer all the advantages of investment

funds, since they allow you to invest in several securities through one, but they also

have the elegance of being much cheaper than actively managed funds (BlackRock,

2020). ETFs are available for all types of securities. Some give access to stock mar-

ket indices, such as the CAC 40, others allow investment in government bonds or

commodities.

On the first hand, there are several advantages why an investor would build his

portfolio over ETFs rather than single stocks (Mingzi, 2020) :

- Simplicity : an ETF can be housed in a securities account or a life insurance

policy. It provides access to all the securities in the benchmark index in a
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single transaction. Transparent because it is composed of the securities of the

reference index, it is easy for an investor to understand.

With more than 750 ETFs listed on Euronext, the range of investment choices

is wide and varied. There are several types of ETFs: for example, ETFs based

on geographical area, company size, strategy, sector ETFs that allow you to

invest in a specific industry sector such as health care, for example. Thus, an

investor can easily invest in a given market or theme.

- Liquidity : like equities, ETFs are listed continuously from 9:00 a.m. to 5:30

p.m. (Paris Stock Exchange). This makes it possible to buy or sell them

throughout the day, unlike UCITS1, which can generally only be traded once

or twice a day.

- Reduced costs : the absence of active management significantly reduces the

annual management fees of ETFs. For example, management fees are signif-

icantly lower than those of UCITS: they are well below 1% (compared with

around 2% for UCITS). Moreover, ETFs do not charge entry fees. ETFs often

have lower management fees than traditional funds and their costs are simpler

to calculate.

- Diversification : ETFs offer instant exposure to different securities with a sin-

gle product

- Transparency : ETFs show exactly what securities they collect and you always

know exactly what you hold.

- Flexibility : ETFs offer exposures tailored to your core portfolio and strategic

investment

On the other hand, even if ETFs are generally simple to operate and inexpensive,

they do have some drawbacks.

- Fees : ETFs are funds and like all funds they charge fees, low fees, but fees

nonetheless. Although ETF fees are lower than the fees of actively managed

1Undertakings for Collective Investments in Transferable Securities (UCITS) is a European direc-
tive aimed at harmonising the markets in Europe for the management and sale of mutual funds.
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funds, you could get around these fees by buying all the securities in an index

one at a time, by hand. For example, instead of buying one S&P 500 ETF,

you could buy the hundreds of securities that make up the S&P 500 Index.

You would spend more time than you would if you bought a single S&P 500

ETF, but you would then save the ETF fee, in theory. In theory only, because

chances are that the brokerage fees you’ll pay on each of your trades will far

exceed what the ETF in question would cost you.

- Complexity : some ETFs are more complicated than others. While older, tradi-

tional ETFs simply buy the securities that make up an index, other, newer ETFs

replicate the movements of those indices using derivatives. However, these

derivatives could behave strangely if the market were to be severely destabi-

lized. In other words, complicated ETFs seem to work well in calm weather,

but their robustness in heavy weather remains to be proven.

Finally, the main risk of investing in ETFs is the same as for any UCITS: the

capital invested moves in the same proportions as the benchmark index, which can

go up and down. There is therefore a risk of losing all or part of the capital. ETFs

are generally very liquid, but beware of ETFs that follow a little-known benchmark

index. Their market is more confidential (fewer sellers and fewer buyers) and they

may therefore be illiquid.

After weighing up the pros and cons, it is now obvious why robo-advisors invest

in ETFs : wide range of investment for a low cost, coupled with transparency and

flexibility.

3.2.2 Selection process

Before buying an ETF, it is also advisable to check the "tracking difference", i.e.

the difference between the ETF and the benchmark index, as well as its capitaliza-

tion. The variety of ETFs available allows you to choose an exposure to a single

ETF for complete your portfolio, refine your exposure to a region, a raw material or

a class of specific assets. Furthermore, it allows you to build an investment portfolio
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using ETFs of which the cost is generally lower than that of the funds actively man-

aged, building a solid foundation for your portfolio investments and it allows to raise

capital for active investments (Moore, 2020).

The first step of the RA throughout the selection step is to eliminate all the ETFs

that do not follow the investment trend. The RA determines the exchange-traded fund

which embodies the most the selected asset classes, while proposing market liquidity

at the lowest fees and expenses. However, finding an ETF which brings a high return

while keeping low charge is not frequent. The RA must find a good balance between

the fees and other characteristics.

The RA also takes into account the benchmark tracking error, i.e. the under and

outperformance of the exchange traded fund in comparison with its reference index.

If the tracking error is important, the less suitable an ETF will represent its asset

class. To cut the long story short, the RA’s have to find a trade-off between the track-

ing error and the expenses (Pastant, 2018).

Liquidity and securities lending are also two characteristics important in the

choice of an ETF. The ETFs must provide enough liquidity to allow purchases and

sales at any time and ETF which seldom lend their underlying securities to hedge

funds. Some ETFs lend their underlying assets to the hedge funds in order to gener-

ate some income (Wealthfront, 2020a).

Even if it is the most traditional way to select the best asset class, it is impor-

tant to notice that every RA has its own strategy and selection method. Wealthfront

chooses its ETFs in order to maximize the return of the portfolio by taking account

of the risk adjusted and after the tax return. For example, if an ETF has high man-

agement fees, most of the RA’s will spread it away, while Wealthfront will choose it

if its return is more fruitful than the others (Wealthfront, 2020a). Schwab Intelligent

Portfolio eliminates any ETFs launched less than three months ago. Besides, Schwab
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evaluates an ETF with respect to its geographic exposure, its sector, its market cap-

italization and its legal structure to make the decisions if it follows the asset class

(Schwab Intelligent, 2020c).

3.3 Portfolio Allocation

To forecast the asset class behavior and to determine the best portfolio allocation,

a large proportion of RA’s are taking the modern portfolio theory concept, associ-

ated with different methods to reduce the restriction of mean-variance optimization

(MVO, see section 7.4). To figure out the efficient frontier of portfolios with the

highest expected return for every level of risk and to evaluate the amount of asset

to use in a portfolio, majority of the RA’s are using the MVO. MVO is necessary to

evaluate the asset classes because if there is a complementary asset in the portfolio, it

could raise the efficient frontier. The robots like Betterment and Schwab Intelligent

mix the MVO model with other models in order to regulate the inability of the MVO

model to catch the investor’s loss aversion.

Estimation of each asset classes’ expected return is necessary to optimize the

mean-variance and every robot has its own methodology. Through the analysis of

Bjerknes and Vukovic (2017), the three RA’s studied had the Black-Litterman model

(BL) in common, an analytical tool used by portfolio managers to optimize asset al-

location based on an investor’s risk tolerance and market view ,to adapt the original

expected returns estimates (Dolan, 2018).

In parallel, Wealthfront uses the CAPM model (see section 2.4.4as the base-

line approximation and for further estimations, uses the BL and the Gordon Growth

Model. Through Adam Heyes, the Gordon Growth Model (GGM) is used to deter-

mine the intrinsic value of a stock based on a future series of dividends that grow at

a constant rate, therefore, investors can compare firms against other industries using

this simplified model (Heyes, 2019).
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On the other hand, Betterment uses the Fama-French three-factor model to ad-

just the expected return of each asset class, as well as the BL model to adjust this

estimation.

3.4 Determining Customer Risk

To identify the client risk profile and its investments goals, RA’s propose on-

line questionnaires. The clients have to answer different questions about their age,

monthly income, saving objectives, level of financial instrument knowledge (ETFs,

stocks, bonds , etc.) and most importantly about their risk tolerance and how much

they would be ready to lose to achieve a higher return (Huikko & Hykkönen, 2017).

But this questionnaire can be modified through the customer’s lifetime. They can ad-

just their profile if they are experiencing tight financial situations for example. The

more resources they have, the more risks they would be willing to take, while during

financial ups and downs, they would decrease their level of risk for a period of time.

This level of risk depending on various factor will be explored in section 4.1. In

Appendix 7.6 you can observe the Schwab Intelligent questionnaire and in appendix

7.7 how the risk tolerance is determined.

3.5 Ongoing Portfolio Management

3.5.1 Rebalancing

For Moisand (2015), rebalancing is the process of buying or selling assets when

that asset class lags others in the portfolio. The goals of the investors are subject to

change over time and some rebalancing is essential to be sure the original allocation

is properly maintained. It allows the investor not to be exposed to undesirable risk

and to be sure that the level of risk involved matches the desired level of the investor.

Rebalancing allows investors to sell high and buy low, taking the profits from per-

forming investments and reinvesting in field which still not have a particular growth.

Those gains are referred as the “rebalancing bonus”. Rebalancing can also come

from the investors’ change in risk preferences.
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Besides, RA’s are trying to optimize the portfolio by trying to keep a minimum

tax effect and reducing the expense effects. If some assets are underestimated and

can take value over time, RA’s will use the dividends previously earned to acquire

this asset. Therefore, they don’t have to sell their assets that have appreciated in value

across time and avoid consequently, capital gain tax.

There are different ways to rebalance a portfolio:

1. Time-based : check the accounts at regular intervals (monthly, quarterly...), and

then bring their positions back into alignment by buying or selling them back

to their original percentage allocation. This method is the most common as it

is not dependent on the performance of the securities. The rebalancing is auto-

mated for the robots, while it is time-consuming for the advisors. Most of the

time they favour a monthly or quarterly evaluation because process it weekly

would be too expensive while annually would generate too much intermediate

drift in the portfolio (Pinkasovitch, 2019). Yet, the advisor must pay attention

to the trades that would not be profitable for the portfolio. For example, if a

security valued at 100e has drifted to 120e over a quarter, the advisor would

need to consider whether the security is worth being sold if it will incur a 10e

trading fee, which would remove 50% of the gains.

2. Volatility-based : the rebalancing is triggered according to each asset’s ex-

pected volatility. The more volatile the asset, the wider the rebalancing thresh-

old (Xie, 2018).

3. Threshold-based : going through the list of securities in each account to see

which ones have either gone up or down past their predefined thresholds and

needs to be rebalanced. This method looks to rebalance when a security has

deviated from its target allocation by a predefined percentage, regardless of the

time elapsed since its last rebalancing. Through Shrimpy (2019), this form of

rebalacing threshold increased performance by up to 305%.

The algorithm in the RA’s monitors the portfolio and if any drift occurs, it will be

automatically classified in one of those 3 cases:
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- Sell/buy rebalancing: when the allocation diverges from a definite amount.

- Cash flow rebalancing: most of the time, we use those products to invest in

underrepresented asset classes when there is a withdrawal or a cash deposit or

even too much accumulated dividends

- Allocation change rebalancing: occurs when there are modifications in the

investment objectives or in the clients’ risk preferences.

To illustrate the rebalancing, Schwab tolerates a drift of 2% (Schwab (2017) cited

as Bjerknes & Vukovic (2017, p.35)) 2 and Betterment (Betterment (2016) cited as

Bjerknes & Vukovic (2017, p.35)) 3 prevents its clients when the drift reaches this

percentage. Wealthfront (Wealthfront (2017) cited as Bjerknes & Vukovic (2017,

p.35)) 4 accepts a drift between 4 and 6% for the tax-deferred accounts and a drift

between 6 and 10% for the regular taxable account.

3.5.2 Tax-Loss Harvesting

Candice Elliott (2020) defines the concept of Tax-Loss Harvesting as a practice

where an investor is selling an underperforming investment. With the investment

losses, an investor can offset the taxes on the gains and income in the short term.

Then, the investors substitute the underperform investment that was sold with a sim-

ilar investment to keep the asset allocation unchanged. To illustrate this concept,

imagine you bought $100 worth of Apple stock. After six months, the stocks worth

only $70, so you take the decision to sell it at a loss of $30 and invest in a sim-

ilar stock, like Microsoft. At tax time, you inform the revenue service that you

have incurred this $30 loss, and they will decrease your taxable income by that $30.

WealthFront estimated that this daily process increase after-tax return by 1.55% a

year (WealthFront, 2020b). However, this percentage can vary in function of the in-

vestor’s asset allocation, marital status, and its residence area, which matters for state
2Schwab Intelligent. (2017). Schwab Customer Services, personal communication Retrieved from

https://intelligent.schwab.com, consulted on the 2th May 2020.
3Betterment. (2016). How and when is my portfolio rebalanced? Retrieved from https://supp

ort.betterment.com/customer/portal/articles/987453-how-and-when-is-my-portfo
lio-rebalanced-, consulted on 02th May 2020

4Wealthfront. (2017). Wealthfront Client Services, personnal communication. Retrieved from
Retrieved from https://www.wealthfront.com/, consulted on 02th May 2020

https://intelligent.schwab.com
https://support.betterment.com/customer/portal/articles/987453-how-and-when-is-my -portfolio-rebalanced-
https://support.betterment.com/customer/portal/articles/987453-how-and-when-is-my -portfolio-rebalanced-
https://support.betterment.com/customer/portal/articles/987453-how-and-when-is-my -portfolio-rebalanced-
https://www.wealthfront.com/
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taxes (Traff, 2016).

However, investors must be careful with the “Wash Sale Rule” where the goal is

to avoid taxpayers from artificial losses (Chen, 2020b). The rule says that a sale will

have any tax effect if an equivalent identical stock or security will be acquired, within

the 30 days before or after the trade, if there is a sale or trade of a security at a loss.

Besides, the consequences will be the same if a security is sold, and the individual’s

spouse or a company managed by the seller buys a substantially equivalent security.

Legislation wrote this law to avoid investors from constantly buying and selling a

stock to generate tax deductions.

The selection of a suitable equivalent stock can be quite difficult. For RA’s which

are tracking the ETF, it is important to not tracking the identical index to avoid violat-

ing the Wash Sale Rule. That is why a lot of RA’s are using secondary ETF in order

to substitute primary ETF as part of Tax-Loss Harvesting. A common practice named

as “parallel position management”, tolerates each asset class to be composed of two

closely related securities. In every RA’s algorithm, a preference for the primary ETF

is incorporated, but always exposed to tax considerations. For a rebalancing, the sec-

ondary ETF are the first to be sold but in case of short-term capital gain generation,

the primary ETF can be sold first (Benjamin, 2016).

With Betterment’ RA, the investors are never subject to short-term capital gains

since all capital gains are pushed into a lower tax rate. It is also possible for the RA

to prevent taxes on their gains by using it as a charitable donation or as a gift to a

relative, for example.

Berkin and Ye (2003) denoted that Tax-Loss Harvesting is not always beneficial

(cited by Bjerknes & Vukovic (2017, p.39)) 5. First, TLH reset the holding period

of the asset class, used to differentiate the long- and short-term capital gains. Even

if it is unlikely to be a serious problem for long-term investors, it could amplify the

5Berkin, A. L., & Ye, J. (2003). Tax management, loss harvesting, and hifo accounting. Financial
Analysts Journal, 91–102.
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tax burden for investors who need a looming withdrawal. Secondly, for people who

earn high income every year since a certain time, as well as the regular savers, TLH

is beneficial for them. While, TLH is not recommended for investors with a growth

potential which are climbing the tax bracket because it is wiser to accumulate gain

than losses as long as the drawback of a higher future tax bracket compensates the

time value of possible reinvested tax savings.
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4 How robo-advisors differ from traditional advisors

In the next section, we will confront the systemic approach of a robo-advisor with

the methodology of a traditional advisor. This section focuses on how the beliefs

of an advisor may deviate from the systemic and academic approach of the robots.

The advisor’s bias may affect the asset allocation which is essential to the portfo-

lio construction, but also the client’s recommendations.We will also emphasise the

difficulties of the advisors to manage the tax-loss harvesting and the relabacing. Fur-

thermore, we made a comparative fees study to highlight the high charges imposes

by the traditional advisors.

4.1 Investment Philosophy and Methodology

4.1.1 Passive Indexing

The first thing to highlight is the active or passive strategy of the RA and the tradi-

tional advisor. Most of the time, investing in active management generates lower net

return and the advisors can charge higher fees. In opposition, passive management

allows to invest in diversified portfolio and charge lower fees. French (2008) states

that investors could save such as 0.67% annually by changing from active to passive

management.

Robo-advisors generally implement a passive indexing strategy when they are in-

vesting in assets classes (see section 2.2.1). As already seen in section 3.2.1, most of

the RA’s are investing in ETFs because they propose a wide range of investment for

a low cost, they favored transparency and flexibility. While active management try

to beat the market by trading the components of an index. This strategy is based on

the feeling, rules, and the portfolio’s traditional advisor view (Nissen, 2018). Mul-

lainathan et al. (2012) discovered that most of the traditional advisors discouraged

active management. In their study, half of the advisors encourage to invest in active

management, while less than 8% of the RA’s encourage the investors to put their

money in passive index.
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4.1.2 International Asset Classes

Nowadays the world is interconnected, and it is almost impossible to avoid the

worldwide exposure. Some patriot’s critic this international system because it leads

the foreign investors to overlap the domestic one, but they are wrong. Companies

tend to react to local economic and geopolitical events rather than the foreign events

(Peterson, 2019). As mentioned previously, the RA’s build their diversified portfo-

lio composed of international assets based on the modern portfolio theory and the

efficiency of the markets. In fact, to diversify as much as possible, it is necessary

to look further. The international market provides additional diversification opportu-

nities, which conducts to more efficient portfolios. A globally diversified portfolio

tends to be better positioned to withstand major market fluctuation and deliver more

stable return over time. An investor with a domestic stock market will never outrun

an investor with an international portfolio weighted by market capitalization(Makiel

(1973) cited as Bjerknes & Vukovic, 2017, p.28)).6

Investors tend to invest in domestic stock and underestimate the international.

This behavior is called “the home country bias”. It refers to the tendency for in-

vestors to support companies from their own countries rather than those from foreign

areas (Chen, 2018). A few years ago, investors feared to invest in emerging market

bonds due to several factors, including economic uncertainty, market weakness, po-

litical instability and local corruption. Today, we notice a change in the mind of the

investors because the bonds have become creditworthy and rates of default have de-

creased. Moreover, emerging countries tend to pay higher rates of interest than bonds

issued by European countries or by the United States (Reed, 2020). With respect to

the level of tolerance risk, robo-advisors are willing to invest in all the markets. A

few years ago, investing in Emerging Market and Developing Economies (EMDE)

was a synonym of a risky investment but today the rate of growth of those countries

is over 4% (China and India around 7%) while the rate of advanced economies is

around 2% (European Commission, 2020). This is the reason why RA’s do not limit

their investment to domestic stock and the Emerging Market equities are stimulating
6Malkiel, B. G. (2015). How much should we invest in emerging markets? Retrieved from https:

//blog.wealthfront.com/emerging-markets/, consulted on 4th April 2020.

https://blog.wealthfront.com/emerging-markets/
https://blog.wealthfront.com/emerging-markets/
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the expected returns of investors.

4.1.3 Tax Location

As seen in section 3.5.2 RA’s propose two tax accounts for the class of assets:

the taxable and tax-deferred account. RA’s position the least tax-efficient asset into

tax-deferred account, while the most advantageous in the regular taxable accounts.

Robo-advisors invest in tax-efficient bonds and in taxable accounts. However, tax-

able gains are more important in active management, and some advisors keep recom-

mending investing in active management funds (Lam, 2016). Horan (2005) affirms

investors will gain more with a passive strategy with a low tax drag, even if the active

strategy generates the same risk-adjusted pretax return, than trying to trace the assets

among the taxable and tax-deferred accounts.

4.1.4 Asset Allocation

In the appendix 7.4, we show that RA’s are using the mean-variance optimization

to select the best portfolio allocation. The robots are choosing the best portfolio from

the efficient frontier by considering factors such as the time horizon and the investor’s

risk tolerance through a systemic approach. The traditional advisors cannot use the

MVO as properly than the RA’s due to the complexity of the calculus and time it

would take.

Mullainathan et al. (2012) proved that the traditional advisors have some difficul-

ties to deliver a non-bias advice because their judgement influence the information

collecting process. In fact, through their survey, the societal culture imposes that the

advisors are less reluctant to ask the age of women than men, as well as their annual

revenue. Besides, the more the investor is old, the more the advisors will be at ease to

ask questions about his age, revenue, and current occupation. Therefore, we notice

that if an investor is a female and is younger, she will get lesser-customized recom-

mendations due to the non-systematic approach of the traditional advisors through
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the setting of the profile. In addition, female clients were asked by advisors to keep

more liquidity, to invest in domestic stock, avoid international exposure and invest

more regularly in active management fund. It is a complete contradiction with the

portfolio theory. We also observe that the portfolio of female investors are 1.4% less

diversified in equities than those for men for a same level of risk and demographic

features (Foerster, Linnainmaa, Melzer & Previtero, 2015). Due to their systematic

approach, robo-advisors do not suffer from such a bias.

However, this situation should not be seemed as a generality. Mullainathan

(2012) showed that 75% advisors set the client’s profile by following a systematic

approach by asking the clients information as their revenue, their age, their marital

status, etc. For example, married clients owning both a job are asked to keep less in

liquid assets because the fact that both having a job, reduce their need of liquidity.

Besides, all else being equal, investors with high annual income accept a higher risk

tolerance. Thus, advisors are more likely to suggest the clients with significant in-

come to invest in riskier and more equity-oriented portfolio. However, Foerster et al

(2015) proved that aversion of risk and life cycle are linked. Through their survey,

even if young investors have a longer time horizon than the older, they assume less

risk than the seniors.

4.1.5 Transparency of the advice

The transparency of the RA’s allow clients to follow at any time their assets, their

several investments, the details of their transaction and performance. All those prop-

erties being automatized reduce significantly their price compared with a traditional

advisor because it does not require a human intervention.

Besides, the advisors being in a situation of sale, they must adapt to the belief

of the clients to acquire their trust. This situation of sale forces the advisor not to

criticize the desire of a client to invest in a specific field or the investment they could

have done in the past. On the contrary, they have to support the hypothetical portfolio
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of the investor.

RA’s do not matter of the beliefs of the clients; they deliver a non-bias advice

based on the modern portfolio theory. Before the robot invest the money, it shows

to the client the precise asset allocation of the future portfolio. Robo-advisors are

transparent about the equities they will invest in, while the majority of the traditional

advisors, are not. About 30% of the advisors decline to provide any advice to the

client if the assets have not been transferred to the advisors. (Mullainathan et al,

2012). This percentage increases of 10% when the investor is a woman. Those

figures relate the unbiased nature of the human being.

4.1.6 Personalized investment advice

One of the striking differences between advisors and robo-advisors is the quality

of the recommendations made by each. A robo-advisor will provide less precise and

personal information, whereas an advisor will always be able to perceive the sub-

tleties in each investor. Indeed, a robo-advisor provides information to the investor

according to his risk tolerance and asset preferences. RA allow the investor to put

their money in an investment strategy recommended for investors of the same class.

It would be then inaccurate to consider RA’s to give personalized investment advice.

However, traditional advisors do not always provide consistent advice.

Previous research has shown that advisors’ influence over investors’ portfolios

are correlated with the advisors’ beliefs and preferences (Foerster et al. , 2015). In

other words, instead of applying the criteria defined by each investor, the advisors

impose their own rules to clients.

On the other hand, RA’s provide a stable, consistent and unbiased advice in a

systematic way, meeting the clients’ parameters such as investment time horizon, in-

vestment purposes, risk aversion, financial situation, etc. Robots then provide advice

based on the information collected, whereas traditional advisors may have a biased
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behavior.

However, since RA’s recommendations are aligned only with the questionnaires’

answers, one might discuss about the "personalization". Indeed, the range of per-

sonalization or a RA is limited by the accuracy and precision of the questionnaires.

Hence, the more features will be added, the more personalized the recommendations

will be. For example, Gambit’s robot has recently been able to provide more cus-

tomized recommendations to their clients, by taking into account their preferences

on the geographical areas (EU, USA, emerging, Asia, ..; ) as well as the sectors

(technology, transportation, ...). Therefore, more parameters and features have to be

taken into account to enable the robot to provide a wider range of outputs (K, Van

Eesbeek, interview, 6th May,2020)7

4.1.7 Poor advice due to misguided beliefs

In asset management, conflicts of interest between advisors and investors often ex-

ist, as an advisor might have more knowledge about the markets and a more precise

perception of the finance as a whole.

Previous research has shown evidence that advisors make poor recommendations

when interests are not aligned. Linnainma, Melzer and Previtero (2015) found that

trades that were both without benefits and costly for the clients appeared to be more

frequent if the advisors financially gained from that trade.

Stronger evidence that advisors give poor recommendations due to misguided beliefs

has also been demonstrated. The authors wrote, "An advisor’s personal portfolio is a

good indicator of how he thinks money should be invested. A comparison of clients’

performance against their advisors therefore measures how much difference in advi-

sors’ investment beliefs affect their clients’ returns". Since advisors always seek to

chase return, they may not recommend investment strategies that are in their clients’

best interests since their beliefs are misguided. But it is in the advisors’ nature to

7See Appendix 7.2
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believe in active management and to generate alpha through it.

While advisors’ beliefs can create bias in their investment approach, robo-advisors,

by contrast, are processing accordingly to investment methodologies that are grounded

in the academic literature. The algorithms are created on an optimization-problem

basis, avoiding return-chasing strategies and limiting portfolio turnover.

4.2 Fees, charge and capital minimum

Robo-advisors require a lower minimum investment than the traditional advisors.

In general, the average minimum deposit is around 50,000e, while it is much lower

for the RA’s (Advisory HQ, 2016). Some robots do not require any minimum cap-

ital, thus any investor can subscribe and open an account with the amount of their

choice. On the first hand, the American robots which were the first on the market

look cheaper. Betterment (BM) is one of the robo-advisor which does not require any

capital minimum, while Wealthfront (WF) requires a minimum of $500 and Schwab

$5,000. (Nerdwalet, 2020a; Wealthfront, 2020c; Schwab 2020a). On the other hand,

the Belgian robo-advisors from Easyvest and Birdee are requiring a minimum ac-

count of respectively 5,000e and 1,000e (C. Scavée, email, 19th of May 2020 &

K. van Eesbeek, email, 19th of May 2020). Key Private (KP) from Key Trade Bank

requires a minimum amount of 15,000e. (Key Trade Bank, 2020).

In addition to asking for a lower minimum deposit than traditional investors, the

robots claim lower fees. The annual fees of the Belgian RA’s fluctuate between

0.67% and 1.39% (VAT included), while the fees attached to the advisors are higher8.

The advisors can charge clients through five ways:

• The percentage of asset management which vary with the amount of asset un-

der management.

• Hourly charges for advises

8The most popular American RA’s fluctuate between 0.15% and 0.25 %
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• Fixed fees which are a fix amount to pay for services or administrative costs.

• Commissions when benefit are made on a purchase or a selling.

• Performance-based fees if a supplementary defined criteria is outperformed

The advisors can mix those fees or charge one of them. Some advisors are paid

only on the hourly fees and not their performance, others earn money only on their

performance, while some advisors are paid both from their hourly fees as well as

commissions and other forms performance-based fees.

To guarantee a high-net worth, the fees a client paid on the amount he invests

decrease as the amount increases. On appendix 7.5 you can see the evolution of the

average advisor fees in 2020. However, the fees do not cover expenses as the man-

agement of ETFs or mutual funds. In fact, if an advisor invests your money in ETF’s

or mutual funds, he will fine the cost associated with those funds. Through SmarAs-

set (2020), the average cost regarding the mutual fund is around 1.25% and 0.25%

for ETFs (Vanguard, 2020).

Betterment Wealthfront Schwab
Minimum ($) 500 0 5,000

TABLE 1: Capital minimum: American robo-advisors

Easyvest Birdee Key Private
Minimum (e) 5,000 1,000 15,000

TABLE 2: Capital minimum: Belgian robo-advisors

Now, let’s compare how the fees associated to a robo-advisor are fluctuating with

respect to the amount invested by the client. The fees include an annual advisory fee

for the services of the robot as well as the expense ratios of the ETF’s (Bjerknes &

Vukovic, 2017). This ratio is imposed to cover the different operational expenses due

to the management of the ETFs (Folger, 2020). Birdee charges its clients with 1%

(VAT included) fees and does not charge extra fees. Easyvest offers decreasing fees
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from 1% (VAT included) for small fortunes down to 0.5% (VAT included) for clients

with a minimum investment of 250,000e (Easyvest, 2020). It should denote that

some RA’s are also charging fees for rebalancing or reporting, but we are not going

to consider them here (Birdee, 2020). For the following figures all the percentage

are VAT included for Key Private, Easyvest and Birdee. However, due to a lack of

knowledge of the US tax system and the fact that the information is not mentioned

in the various papers, we can’t conclude whether the US figures are VAT included or

not.

Overseas, the annual advisory fees for the American RA Betterment vary from

0.15% to 0.25% and the expenses ratios of the ETFs never exceed 0.12% (Nerdwal-

let, 2020b). Starting from $ 10,000, Wealthfront charges its clients with 0.25% fees

and the average expense ratio is 0.14% (Larry, 2020). Schwab imposes any advisory

and commission fees and the clients only pay the expense ratio linked to the ETF’s

(Schwab, 2020b).

The tables below show that in Belgium, Birdee has the lowest fees for a mini-

mum amount of 5,000e and for an investment of 50,000e the charges of Birdee

and Easyvest reached 500e. However, Easyvest according to its digressive structure

is the most cost-effective Belgian robots from 500,000e. In fact, from 5,000e,

25,000e, 50,000e, 100,000e and 250,000e the advisory fees are respectively

1.00%, 0.90%, 0.75%, 0.60% and 0.50% included VAT. Concerning the traditional

advisors, it is important to consider that their fees are varying from one to another.

Here the figures are an average amount from a survey leads by Advisory HQ on a

broad range of investment advisor fees. On the first hand, some advisors can charge

fix fees, while on the other hand the fees of an advisor can fluctuate with respect to

his performances. In spite of a decreasing rate, the charges imposed by advisers are

still much higher than those of the robots.

In general, an investor with a large capital should put his wealth into Easyvest,

while a less wealthy investor could consider both Easyvest and Birdee as the best
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technological solution to invest his money at a lower cost. With a minimum capital

of 15,000e, Key Private is problematic for small fortunes who desire to invest their

money into this technology and is the most expensive Belgian robot between the

three. Furthermore, the traditional advisors remain the most expensive solution in

addition that the start-up capital required is very high (50,000e), they fees are high

and varying from an advisor to another.

5,000e KeyPrivate Easyvest Birdee Traditional Advisors
Advisory Fees (%) / 1.0 1.0 1.43
Expense Ratio (%) / 0.39 0 0.25

Total Fees (%) / 1.39 1.0 1.68
Total Fees (e) / 69.5 50.0 84

TABLE 3: Cost associated with an investment of 5,000e

50,000e KeyPrivate Easyvest Birdee Traditional Advisors
Advisory Fees (%) 0.91 0.75 1.0 1.18
Expense Ratio (%) 0.27 0.25 0 0.25

Total Fees (%) 1.18 1.0 1.0 1.43
Total Fees (e) 590 500 500 715

TABLE 4: Cost associated with an investment of 50,000.e

500,000e KeyPrivate Easyvest Birdee Traditional Advisors
Advisory Fees (%) 0.91 0.50 1.0 1.09
Expense Ratio (%) 0.27 0.17 0 0.25

Total Fees (%) 1.18 0.67 1.0 1.34
Total Fees (e) 5,900 3,350 5,000 6700

TABLE 5: Cost associated with an investment of 500,000.e

1,500,000e KeyPrivate Easyvest Birdee Traditional Advisors
Advisory Fees (%) 0.75 0.50 1.0 1.0
Expense Ratio (%) 0.27 0.17 0 0.25

Total Fees (%) 1.02 0.67 1.0 1.25
Total Fees (e) 17,700 10,050 15,000 18,750

TABLE 6: Cost associated with an investment of 1,5000,000.e
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4.3 The Power of Automation

4.3.1 Monitoring and rebalancing

Robo-advisors have, by nature, a higher degree of technological sophistication

than traditional advisors. The process of rebalancing is integrated in the system,

which allows the portfolio to be automatically rebalanced. This process is quite

heavy for a traditional investor, that would need to check and process all the steps

manually. For that reason, rebalancing is not a frequent task operated manually, as it

is time and effort-consuming (Lam, 2016).

Research has shown that regular rebalancing may also improve risk-adjusted re-

turns, showing evidence that rebalanced portfolios earned an average of 0.4% more

per year with less volatility over a 10-year period than portfolios that were not rebal-

anced (Linnainmaa et al., 2015).

Rebalancing opportunities allow investors to monitor their portfolio risk, com-

monly defined during the asset allocation process depending on their own risk tol-

erance, time horizon and investment projects. As markets are volatile and stocks

prices move back and forth, the portfolio risk will naturally vary and deviate from

the target. In fact, the portfolio will be more heavily invested in securities increased

in value and less in securities that have decreased in value. As mentioned in section

3.5.1, rebalancing a portfolio consists in bringing the portfolio back in line with the

target allocation by selling those securities that have gone up and buying the ones

that have gone down.

As disciplined investors seek to limit portfolio risk by rebalancing regularly ac-

cordingly with their long-term strategies, it may also generate return if managed

carefully. Defining the rebalancing frequencies and thresholds for each investor is

the key to obtain an optimal risk-return portfolio that is best suited for their needs.

Given the same information, robo-advisors are more profitable for investors.

Coupled with their ability to remove trading costs, robots are able to permanently
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monitor and rebalance any portfolio by using their trading functionality to rebalance

portfolios based on percentage changes, whereas traditional advisors would incur ex-

tra fees for each small transaction that comes into account.

As robo-advisors are built on specific algorithms, they are not subject to cogni-

tive biases. Traditional advisors have a recency bias, as they tend to retain the last

information on the market and to follow trends to predict the future. They have a

solid confidence in the financial market and their previous investments. Henceforth,

they are reluctant to sell performing assets and particularly equities which are the

riskiest.

Even though both Easyvest and Gambit robo-advisors are designed for a different

customer target, they both include rebalancing processes in their system. Easyvest

robo-advisor is designed to be accessible to a particular class of investors, i.e. in-

vestors with limited knowledge in finance that seek to invest their money without

getting involved in the complexity of the transactions. Its key features are trans-

parency, simplicity and security, as they mainly invest in low-risk ETFs and govern-

ment bonds. As their strategy is to generate return on a long-term investment period

and for the sake of simplicity, their robot is not required to rebalance the portfolios

on a strict daily basis. Gambit’s robot is designed for a wider range of customers,

from newbies to advanced investors with experience in finance. Depending on their

profile and target risk allocation, the algorithm might rebalance the portfolios more

frequently.

4.3.2 Tax-Loss Harvesting

As seen in section 3.5.2, tax-loss harvesting allows clients to sell equities that have

decreased in value and substitute the underperforming investment with a similar in-

vestment to keep the asset allocation unchanged. This equity being sold at less cheap

than its purchase price, it generates a tax-loss which can reduce the investor’s taxes by

compensating other taxable items (Wealthfront, 2020b). It is impossible for a finan-

cial advisor to identify numerous tax-loss harvesting opportunities that are available
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in multiple portfolios. Although alternative software is now existing to help invest-

ment managers in the process of collecting tax losses, these solutions are costly, and

their implementation is not yet automated. RA’s own an algorithm which integrate

the rule of the 30 days’ Wash Sale Rule and when gains are achieved, the algorithm

sells a losing investment to balance the gain but in eider case will be able to purchase

the same securities. Besides, traditional advisors traditionally propose THL only to

clients with large accounts. In counterparts, robo-advisors and traditional advisors

adopt tax-loss harvesting to clients with a large capital.

From a study of Wealthfront (2020) 9 mentioned by Lam (2016), Wealthfront has

compared the returns of two distinct portfolios: one, computing the tax-loss harvest-

ing everyday and assuming that all the benefices performed are reinvested into the

portfolio every year and a second which assume no tax-loss harvesting. The results

display that the daily tax-loss harvesting generates at least the double annual tax

alpha compared to the annual tax-loss harvesting performs by traditional advisors.

Besides, the risky portfolios are disposed to generate more tax-loss harvesting due to

their higher volatility. Having risky assets, they have more risk to see securities to fall

in value below their cost of purchasing. Wealthfront also noticed that the longer the

time horizon is, the less the client could take benefits from TLH. Indeed, on a long

period of time, gain tax-loss is more difficult because the returns of the portfolio are

expected to be positive.

9Wealthfront Tax-Loss Harvesting White Paper.
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5 Conclusion

The analysis leads to the following conclusion : the impacts of robo-advisors in as-

set management are nowhere near as meaningless as one could have thought. The big

picture that could be drawn from this thesis is that even though both robo-advisors

and traditional advisors have their strengths and weaknesses, robots are a compelling

alternative to traditional approaches. One might argue that robo-advisors are already

outperforming and dominating humans due to their lower costs, coupled with their

ability to generate unbiased and transparent advice that are grounded in the financial

literature. But at the end of the day, robots are still perfectible and can not perceive

subtle features that a human would easily deal with, such as investors’ financial sta-

bility or preferences.

On many aspects, and particularly with regards to the performance, it is clear

that robots are designed to win the race against humans. By its nature, an algorithm

will mathematically and automatically provide the best answer, while it is in hu-

man’s nature to sometimes be mistaken. Not only traditional advisors do not have

the computing abilities of a robot, but they also tend to think and act irrationally on

the financial market. Eventually, it is the investors’ choice to decide whether to man-

age their wealth with or without robots.

In the light of this ongoing evolution in technologies and a growing demand for

new investment tools, robo-advisors will later or sooner account for a consequent

part of the financial market. In order to satisfy all types of investors and to drive

the economy forward, hybrid solutions appear to be best aligned with the demand.

The investment advice provided by robo-advisors will become more accurate and so-

phisticated, notably by improving the questionnaires and by integrating a bigger part

of financial instruments, while human advice will always be welcomed by specific

clients that seek to dig deeper.
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Ironically, robo-advisors’ advantages form their own limitations. Regarding the

passive management and the use of ETFs, it restrains the possibilities of investing in

other financial instruments. Although widely accepted, financial models and theories

used by the robots also present their own limitations of efficiency.

This provides a good starting point for discussion and further research, as one

could expect robo-advisors to suggest investment advice based on financial instru-

ments that are not integrated in the algorithms yet. Since robots are grounded in the

financial theory and literature, it could be interesting to venture in new approaches of

implementation. How would robots react and perform with new mathematical mod-

els ? How would robots perform in stock-picking scenarios ? To whom would these

robots be designed for ? As time goes on, we believe that algorithms will naturally

become more complex and further work will certainly be required to disentangle

these complexities.
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7 Appendix

7.1 Interview Guide (French)

1. Qui êtes-vous et quel est votre profession ? Pouvez-vous présenter votre entreprise

brièvement ainsi que votre parcours académique et professionnel ?

«< Présentation du mémoire et notre problématique»>

2. Pourquoi avoir implanté la technologie des RA dans votre entreprise ? Lequel utilisez-

vous et pourquoi avoir choisi ce dernier ?

3. Dans l’entreprise, vous êtes-vous déjà posé l’idée de créer votre propre robot-conseiller

afin d’y implémenter les dynamiques importantes d’investissement de l’entreprise ?

4. Quels sont actuellement les frais de votre robot ?

(a) Quels sont les frais annuels d’un tel service ?

(b) Quels sont les charges imposées au client ?

(c) Quel est le capital minimum à investir ? Et il y a-t-il un maximum ?

(d) Quel le cout d’un tel robot ? Sa rentabilité ?

5. Quels rôles ont remplacé les robots-advisor dans le métier d’asset manager ?

(a) Est-ce que tout est automatisé ou une intervention humaine est toujours néces-

saire dans le process ?

(b) Si une intervention humaine est nécessaire, à quelles étapes se situe-t-elle ?

(c) Du personnel a-t-il été licencié pour permettre l’implémentation des robots ?

(d) Ou bien, du personnel a dû être embauché pour soutenir une telle technologie ?

Par exemple, du personnel dans l’IT ?

6. Robots sont-ils viables pour tout type de clients ?
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(a) Est-ce que le robot traduit parfaitement les besoins du clients ?

(b) Comment le robot détermine-t-il exactement le type de profil ? Avez-vous déjà

eu des cas où les clients n’étaient pas satisfaits avec le type de profil défini ?

(c) Pensez-vous que pour certains points, un conseiller financier traditionnel pourrait-

être plus performant qu’un robot ?

(d) Pensez-vous qu’un robot peut fournir un aussi bon travail qu’un manager ?

7. Notre problématique étant de conclure si les conseillers financiers sur le long-terme

peuvent être remplacés par les nouvelles technologies, c’est-à-dire vers une automa-

tisation complète, pourriez-vous lister certains avantages et désavantages de chacun

?

8. Les performances réalisées par le robot surperforment ou sous-performent les attentes

?

9. Comment voyez-vous le futur de la finance, le futur de l’asset manager et pensez-vous

qu’une automatisation complète de la gestion de portefeuille est possible ?

10. Crise financière : est-ce que le robot fournit des alternatives d’investissement quand

les marchés sont en crise ?

(a) De plus, l’algorithme des robots a-t-il un système d’alerte quand les marchés

s’écroulent ?

(b) Etant parfaitement informé de la dynamique des marchés, un asset manager ne

serait pas plus à même de bien placer les actifs d’un investisseur ?

11. Choix des ETFs ?

12. Connaissez-vous le principe des tax-loss harvesting ? Pourquoi un être humain est

incapable de réaliser cette déduction fiscale plus d’une fois par an ?

13. A l’heure actuelle quand pensez-vous qu’une personne ait besoin d’un conseiller fi-

nancier ? C’est à-dire, à quel moment, le robot ne peut être une solution pour un
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investisseur ? Et dans 15ans, cela sera-t-il le même ?
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7.2 Interview 1: Ken van Eesbeek from Gambit

1. Pour commencer, pourriez-vous vous présenter brièvement ? Oui bien sûr, je

suis responsable des professional services donc Gambit est une société spé-

cialisée dans la technologie financière. A l’origine c’était une spin off de

l’université de Liège surtout dans tout ce qui était algorithmique donc l’optimisation

de portefeuille, le profilage et le calcul de risque et graduellement on a com-

mencé à investir dans les interfaces clients donc tout ce qui tout à se connecter

et à faire un discours vis-à-vis d’un client direct ou via un conseiller. C’est

vraiment dans cette technologie qu’on se trouve. En 2015, on a décidé de com-

mencer à développer un robot advisor qui combine plusieurs formules qu’on

avait déjà en magasin : optimisation du portefeuille, profilage de risques mais

de le mettre aussi en B2C, non seulement on allait développer la technolo-

gie mais on allait aussi l’utiliser nous-mêmes pour se diriger vers la clientèle

privée, 100% en ligne. Et ça s’appelle Birdee.Co, c’est un site web et une

application disponible en Europe dans lequel les gens peuvent investir. Ca

n’implique pas seulement la technologie mais aussi, avoir une partie de rè-

glementation, être réguler vis-à-vis d’un régulateur, dans notre cas c’est SSF,

monter en compétence au niveau de la gestion donc pas uniquement développer

des algorithmes mais aussi les paramétrer et spécifiquement pour un univers

d’investissement, faire le support et la communication du client, les rapports,

il y a toute la partie taxes,. . . tout cela enchaîne une liste de responsabilités

qu’on avait pas avant mais qui nous renforce dans notre discours vis-à-vis de

nos clients historiques et primaires qui sont des institutions financières comme

des banques, des assureurs, par exemple Securex est un prospect et ils sont

intéressés de fournir des solutions vers le client que ce soit en digital ou via

un conseiller mais qui utilise quand même de la technologie. J’ai tout un par-

cours dans la partie commerciale et aujourd’hui je gère la gestion de projet et

l’implémentation des clients ainsi que la gestion des clients existants.
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2. Vous dites que le robot advisor était un projet universitaire au final ?

Le robot lui-même non. La société a été créée en 2007 et au début c’était

principalement un algorithme d’optimisation et un deuxième produit qui était

surtout destiné aux banquiers privés de création de portefeuilles en connaissant

le profil du client et pas le profil comme il était défini à l’époque. Il tenait aussi

compte pas uniquement de l’aversion des hauts risques clients mais aussi de la

perception des risques extrêmes d’un portefeuille. Le principe derrière c’était

que les rendements ne sont pas distribués de manière Gaussienne, normale.

Mais qu’il y a, surtout à court terme, des risques extrêmes au bout du compte

et tous les profils d’investisseurs ne sont pas capables de supporter ce niveau

de risque, d’où le besoin de créer des portefeuilles spécifiques mais à cette

époque-là, le monde digital au niveau bancaire, n’était pas aussi développé

qu’aujourd’hui. On a surtout commencé au début avec des outils qui support-

aient le conseiller, le gestionnaire et le gestionnaire de risque. Graduellement,

on a évolué dans des solutions qui étaient 100% digitales. La base reste tou-

jours l’algorithmique qui a toujours le lien avec l’université mais on a évolué

vers une société scale-up plutôt que start-up entretemps qui se focalise plus sur

la technologie à part la partie purement financière.

3. Au niveau du rôle que ces robots ont dans l’entreprise, on ne peut pas dire

qu’ils remplacent tout ce qui est asset manager et portfolio manager car j’imagine

que vous avez toute une gamme de produits qui est destinée à ce type de clients

qui utiliseraient le robot advisor. Est-ce que ça a supprimé ou allégé certains

emplois ? Y a-t-il eu des modifications dans les métiers de tous les jours ?

qu’est ce que le robot a concrètement apporté ou supprimé dans l’entreprise ?

Chez nous, rien puisqu’on a créé le robot. Il n’existait pas avant donc il n’y

avait rien à supprimer que à ajouter. Dès qu’on implémente un robot au sein

d’une société, les algorithmes doivent toujours être calibrés et surveillés par un

comité d’investissement, c’est la norme. Cela élimine une partie, un « 8min17

» humain, qui met un peu d’objectivité dans la location et qui automatise un

certain nombre de choses comme la surveillance de risques et des choses plus

Appendix 7.2: Interview 1: Ken van Eesbeek from Gambit



71

mécaniques comme le rebalancement et ainsi de suite. Là où la valeur ajoutée

des robots est la plus présente c’est dans la facilité d’utilisation. Un robot c’est

aussi un ensemble de facilité d’utilisation, une manière de présenter des choses

simples sur une matière qui est assez compliquée. Ils ont 90% des gens qui ne

seront jamais intéressés dans la finance, ce qui est logique car il y a autre chose

dans la vie que la finance. Cela fait un peu peur et c’est compliqué donc le

but est d’apporter une gestion d’argent. Pour l’instant c’est surtout la gestion

des portefeuilles même s’il faudra élargir cette scope vers la gestion d’argent

au sens large du terme donc aussi la partie saving, la partie assurance, la partie

fiscalité qui pour l’instant, ne sont pas gérées par des robots. Les robots sont

principalement des algorithmes d’acitifs et donc ne remplissent pas 100% des

besoins d’un client lambda retail à part le fait qu’il y en a qui ont quand même

du saving et qui veulent optimiser les rendements et qui n’ont pas envie d’aller

en agence et de payer des frais importants.

4. Quel type de frais devrait-on payer en agence ?

Le modèle est un peu différent en agence. Souvent, on propose des fonds qui

sont plus chers et qui se trouvent dans les portefeuilles des robots de manière

générale. Souvent il y a des frais de transaction dont il faut tenir compte mais

chaque banque a sa propre tarification. La grosse marge se trouve surtout dans

les frais du fond même. Je ne juge pas sur la qualité mais c’est un autre modèle

et un conseiller apporte plus qu’uniquement une gestion. Il y a aussi l’aspect

humain qui reste important pour la plupart des gens. Investir c’est du risque,

c’est leur argent. Souvent, ils ont besoin d’une validation, d’une certitude

humaine dans le conseil mais certains pas, dans le digital.

5. Pensez-vous qu’un investisseur a plus confiance en un conseil humain qu’en

un robot ou pas ?

Un humain on ne peut pas généraliser mais la réalité est que l’adoption des

robots est plus longue en Europe continentale par rapport à d’autres régions,

sans doute car nous avons une tradition bancaire plus grande et plus importante

ailleurs mais je ne pense pas que ça lag en temps et on n’évolue pas dans la
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même direction. Aujourd’hui on perçoit que le contact humain est toujours

valorisé par un client. C’est très personnel car moi je n’irai jamais en agence

pour avoir des conseils mais bon je suis biaisé puisque j’ai étudié comme vous

la finance et je connais le monde de la technologie donc je m’y connais. La ma-

jorité des personnes, lorsqu’elle pense argent, pense à banques pas forcément

à une néo banque ou un assureur ou un agent. Les différentes options ne sont

pas claires pour tout le monde, les banques apportent une certaine confiance,

une certaine certitude via la tradition qu’elles ont puisqu’elles sont là depuis

longtemps.

6. Quels sont les avantages que vous donneriez à une personne pour le convain-

cre d’investir dans un robot plutôt que d’aller voir un conseiller financier en

personne physique ?

L’argument principal est le coût. Les robots varient entre 0.5 – 1% tout com-

pris avec des produits très diversifiées et un prix très bas. Deuxième argument,

un robot n’a pas d’émotion donc il va juger de manière objective sur les cir-

constances financières. Cela ne signifie pas que c’est une boule de cristal mais

au moins cela englobe un certain nombre d’expériences du passé. Les out-

ils digitaux sont disponibles 24/7 ce qui n’est pas le cas d’un conseiller donc

c’est aussi un avantage. Il y a aussi un spectrum de facilité d’utilisation qui

vient avec ça puisqu’on ne doit pas se déplacer, on a une vue permanente sur

le portefeuille si on désire le suivre.

7. Pour revenir à l’aspect humain, sur le site de Birdee, on peut remplir un ques-

tionnaire et définir un type de profil puis on se retrouve dans un investissement

virtuel, on nous propose de mettre de l’argent réel, dans ce cas, où se trouve

l’intervention humaine ? quelle est la place d’un asset manager ou d’un con-

seiller financier en sachant que chaque investisseur individuel aura son propre

portefeuille qui lui sera dédié ? est-ce que ça voudrait dire que le rôle des

managers serait de gérer autant de portefeuille qu’il y a d’investisseurs ?
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Le comité d’investissement surveille les paramètres qui sont utilisés dans l’algorithme,

il ne surveille pas les portefeuilles un par un, ce n’est pas le but. C’est surtout

un comité académique car il n‘y a pas uniquement l’optimisation de porte-

feuille, il y a aussi la fréquence des rebalancement qui joue. Il y a aussi un

devoir de surveiller des portefeuilles au niveau réglementaire. L’aspect hu-

main se trouve surtout derrière les écrans, il n’y a pas d’aspect humain dans

la relation clientèle si le client ne le désire pas. Il y a un numéro de téléphone

à appeler et une chatbox avec des vrais humains derrière, pas juste un robot.

Par exemple, on implémente un robot advisor dans une banque privée où il

y a quand même un conseiller qui va unboarder le client. Ce sont des porte-

feuilles plus personnalisés qu’on voit dans birdee. birdee c’est surtout destiné

à un public assez jeune, cela se voit dans le langage et dans le style du site

qu’on a déployé avec un nombre de portefeuille, d’options, qui sont limités à

des profils de risques, des niveaux de risques et un certain nombre de thèmes.

Il y a des robots qui vont beaucoup plus loin dans la personnalisation du porte-

feuille donc il y a certains clients qui veulent avoir plus d’options par exemple

ils veulent uniquement investir en Asie dans des merging markets ou unique-

ment du durable ou pas. Donc jouer sur les classe d’actifs ça demande un peu

plus de connaissances et là on aura un conseiller qui va aider dans cette per-

sonnalisation de portefeuille et à partir de là ce dernier va être géré de manière

automatique. On voit de plus en plus de solutions hybrides qui émergent qui

sont destinées à un public spécifique. Là, l’aspect humain devient aussi visible

vis-à-vis du client et n’est pas uniquement dans les coulisses.

8. En parlant de solutions hybrides, pensez-vous que ces solutions pourraient

tourner vers une solution uniquement robotisée ou est-ce que cet aspect hu-

main est toujours et sera toujours demandé ?

Je n’ai pas de boules de crystal mais nous si on ne sait pas on teste et on essaye

de monitorer le marché du mieux possible. Aujourd’hui et d’ici 5 ans, je ne

vois pas un monde qui va 100% se digitaliser en conseil d’investissement. Il y

aura toujours un aspect humain et je pense que ça ne changera jamais. Il y aura

Appendix 7.2: Interview 1: Ken van Eesbeek from Gambit



74

toujours un public pour avoir quelque chose de très personnalisé et pas unique-

ment en terme de gestion mais aussi l’aspect humain dans les guidances et les

explication de ce qu’il se passe dans le marché, pourquoi un certain type de

portefeuille, d’enveloppes fiscales,. . . je pense qu’il y aura toujours un marché

pour une combinaison humain plus technique.

9. Pour réduire cet aspect humain, serait-ce nécessaire de développer l’algorithme

qui se cache derrière le robot advisor pour pouvoir éviter toutes ces interven-

tions humaines, est-ce déjà implémenté ou est-ce trop pointilleux pour un robot

?

Oui c’est possible aujourd’hui d’avoir un portefeuille qui soit super personnal-

isé. La question est : est-ce qu’il y a un besoin pour ça ? la personnalisation

ça veut dire tout et rien à la fois. Ca peut être combien de liquidités, de pré-

cautions,. . . ça peut être la situation à la maison, nbre d’enfants, ai-je une

entreprise avec des parts ? donc l’aspect fiscal. Ce qui est tout à fait une autre

personnalisation et je parle pour certains objectifs/moments de vie par rapport

à une personnalisation qui se trouve purement dans l’allocation de mon porte-

feuille en classe d’actif. Une personnalisation en classe d’actifs c’est possible

mais là on demande à un client de donner ses préférences sur le marché et

c’est un peu contradictoire avec le fait de trouver quelque chose de très sim-

ple et de 100% automatisé. Cette barrière d’où je mets la responsabilité ou

à quel point je demande au client de personnaliser son portefeuille car on lui

d’exprimer une vision et d’avoir une certaine expertise qui n’est à la base, pas

la raison pour laquelle nous sommes là. Les personnes qui cherchent cette nou-

velle personnalisation, ils cherchent d’autres outils, des outils d’optimisation

de portefeuille.

10. Donc ces robots ne seraient pas destinés à tout type de clients ?

Non, moi je reste convaincu du conseil hyper personnalisé mais ce ne sera pas

uniquement dans l’allocation de portefeuille gestion financière qu’on nous a

appris à l’école, ça va un peu plus loin dans la vraie vie pour les protections de

risque, je ne parle pas seulement d’incendie. Mes enfants qui vont eux-mêmes

Appendix 7.2: Interview 1: Ken van Eesbeek from Gambit



75

étudier je dois aussi épargner pour ça, donc aussi dans des objectifs, des événe-

ments de vie, des couvertures de risque et là on est dans un spectrum qui ne se

trouve pas uniquement dans les robots mais aussi dans les financial planner, la

technologie qui va calculer les revenus et dépenses et donc la series capacity

est-ce qu’il y a des optimisations là ? il y aura une série de choses à optimiser

pour mieux gérer son argent. C’est pour cela qu’on a un esprit chez Gambit,

c’est « money an better support, what is coming next » ? . . . on va à terme

pas uniquement se limiter à un investissement mais regarder un peu plus loin

aussi et c’est là que la personnalisation va jouer. On peut regarder loin, tous les

aspects de vie ça passe par des emprunts : acheter une maison j’ai besoin de

liquidité au départ donc je dois déjà commencer à épargner aujourd’hui, j’aurai

besoin d’un crédit donc comment le financer ? il y a beaucoup à faire et ce sur

quoi on doit se concentrer c’est l’objectif, le plus important pour les gens en

retail, c’est la pension. On va se préparer à cet événement qui est inévitable

contrairement à avoir des enfants ou une maison. Il faut s’y préparer assez tôt

dans sa vie, donc des projecteurs et des simulateurs sur ce domaine-là vont

permettre d’expliquer pourquoi il faut épargner et investir et avant d’expliquer

en quoi, ça c’est quand même un gros chantier sur lequel toute la technologie

doit travailler.

11. Quels sont les frais de birdee ?

1% TVA compris (toujours bien vérifier !) ce n’est pas le moins cher ni le

plus cher, la plupart des robots en Europe se situe dans ces régions-là. Il y

en a qui diminue leur cout pour des portefeuilles moins diversifiés, ou moins

dynamiques, c’est un choix. Je m’attends à ce qu’il y ait de plus en plus de

tarification pas sur base de pourcentage d’AUM mais sur base de souscription,

un peu à la N26 pour un compte il y a X par mois à payer. Je suis certain qu’il

y en a maintenant qui ont plutôt ce modèle de souscription.

12. Les frais pour gambit, pour implémenter le robot dans d’autres sociétés, est-ce

que ce sont des frais annuels, mensuels ou dépendant de la taille de la boite ?

Cela dépend quel service on nous demande car on voit de plus en plus une
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tendance soit les banques payent elles même la solution soit elles achetaient

la solution et l’implémentaient eux-mêmes et la géraient mais maintenant ils

demandent de plus en plus de services à côté. On a une offre qui passe de

uniquement la solution que la banque paye + une partie variable sur l’utilisation

mais il est possible aussi qu’on nous dise nous on n’est pas des experts de

gestion donc on voudrait que vous preniez en charge la partie gestion. Tout ce

qui est exécution, dépôt, on préfère ne pas s’interfacer avec notre beken parce

que ce n’est pas forcément moins cher et il y a un cout d’implémentation donc

on aimerait externaliser ça aussi. Chaque modèle a sa propre tarification et on

voit de plus en plus des modèles de partenariats à côté de la pure technologie,

ça dépend de la taille de la société. Nous on a des experts en interne de gestion

donc on ne veut pas de comité d’investissements ça peut être KBC, ou Fortis

comme gestionnaire. On a notre propre beken on ne va pas le remplacer et

on a un système de profiling donc il faut réutiliser ce profil donc le niveau

d’intégration va être beaucoup plus important comparé à une néo banque qui

est purement sur des paiements, carte crédits, premier crédit hypothécaire, on

veut diversifier notre offre donc on va externaliser vers un partenaire digital et

on va prendre tout le service donc on le diversifiera.

13. Y a-t-il un capital minimum à investir pour investir dans un robot où tout le

monde peut le faire ?

Ca dépend de la politique du robot, il y a une partie commerciale et opéra-

tionnelle. On rentre plus dans la technicité mais un montant minimum est sou-

vent imposé pour des raisons commerciales donc les robots c’est un minimum

de 1000e et le robot doit être capable de fractionner donc s’il a un part d’un

fond il doit dire voilà je veux 1/10ème de ce fond sinon on n’arriverait même

pas au montant minimum pour un fond. Si on a des comptes tout à fait séparés

par client, il y a un montant minimum à imposer sinon on n’arriverait pas à 5-6

fonds au total. Par exemple, Keytrade chaque client a son propre compte et le

minimum est de 15 000e. Il y aussi le côté commercial à côté du coût. C’est

une sorte d’exclusivité pour le service KeyPrivate.
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14. Avez-vous des objectifs de performance à atteindre ? dans le cas de birdee, les

avez-vous atteints ou non ? quelles sont globalement les performances ?

Les performances sont assez positifs beaucoup plus dans les dynamiques que

les défensives. Tout le monde a son propre bench mark et le but n’est pas de

battre le marché mais surtout de protéger le capital des clients et d’éviter des

énormes chutes mais ce sont des portefeuilles très diversifiés avec le but de

gagner en minimisant les coûts et d’avoir une gestion simple et objective donc

pas de stratégie avec un accélérateur, ce n’est pas du tout le but.

15. Vous proposez aux clients selon leur type de profil des ETF et ces ETF sont

choisis par le robot mais aussi par une intervention humaine ?

Oui, l’univers d’investissement dans la majorité des cas sont faits sur base

humaine. Il y a un univers qui est déterminé à l’avance sur base des critères

de liquidité, de coûts sous-jacent, des critères USGE et avec cet univers on va

rentrer dans la moulinette d’utilisation et ça ce sont les portefeuilles qui vont

être gérés donc vraiment un outil de stock picking j’en ai rarement vu et ce

n’est pas notre objectif.

16. Mais vous savez que ça existe ce genre de robots ?

Non je n’en ai pas en tête comme ça mais un sujet qui peut être intéressant

c’est du social investing où tout le monde sur la plateforme joue le gestion-

naire et donc c’est possible de suivre le portefeuille du voisin mais ce n’est pas

vraiment un robot même si c’est un concept intéressant. Vraiment du stock

picking je n’en ai pas en tête mais il y a bien sûr les scoring avec les étoiles

notamment.

17. Vous pensez que ça pourrait être un produit qui pourrait intéresser certains

clients plutôt que d’investir dans des ETF, dans un portefeuille diversifié, de

vraiment faire du stock picking qui serait basé sur des critères de performance

brute ou des critères ESG selon le profil du client ?

Il faudra toujours décider sur une allocation car faire des outils de sélection et

des simulations c’est assez simple sans vouloir être péjoratif car ça a sa valeur
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ajoutée mais dans l’opérationnel ça devient compliqué puisqu’on va investir du

véritable argent où s’appliquent une règlementation, des taxes, des opérations,

des quaterly statement dès qu’on fait ça il faut choisir le montant à investir

qui dit montant dit allocation et qui dit allocation dit conseil. Un outil va

sélectionner le meilleur critère ou produit pour le client où on a un intérêt mais

ça doit exister des filtres sur les listes d’achats puis il faut encore décider du

montant et c’est ça la vraie décision.

18. En termes de frais, pensez-vous que c’est moins cher d’investir dans un ETF

qui ne serait pas le plus performant plutôt que d’investir dans quelques stocks

à gauche à droite ?

Ça dépend le broker qu’on choisit et le montant qu’on investit car c’est un autre

monde, les gens qui vont sur un broker faire leur sélection dans la liste de mil-

liers de produits, ce sont plutôt des experts qui vont faire ça. L’atout d’un robot

c’est pour les personnes qui disent j’ai 1000e je préfère répondre à quelques

questions et tout le reste de ces aspects financiers (sélection, allocation, que

faire en cas de crise ?) tout est géré par l’outil. Les frais sont différents oui ce

sera moins cher de tout faire soi-même. C’est entre 6 et 15e à l’achat, frais

de transaction, pas de frais de gestion car c’est à toi de gérer si tu achètes ou

vends et il n’y a pas de support clients, pas d’outil simulation, pas de conseils

en sortie, en allocation, sur les moments de vie, c’est un autre service mais

certes il y a une demande.

19. Dans le cas où le monde des robots advisors se développe assez bien dans la

société et dans 10-15 ans, il y a une demande où on en a marre des ETF et on

voudrait avoir un truc un peu plus pointu donc justement ce développement de

robot qui irait picker les stocks ?

Ca m’étonnerait pas. La majorité des robots, on veut démocratiser les in-

vestissements en simplifiant et en diversifiant et faire du stock picking. Le

risque de se tromper est aussi plus important donc ce n’est pas pour le même

profil de risque ni pour les mêmes besoins mais tu as raison ça peut se dévelop-

per.
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20. Donc les robots sont destinés à un grand public mais ne pensez-vous pas que

c’est paradoxal d’essayer de toucher un grand public par l’intelligence artifi-

cielle ? j’ai l’impression que ça ne parle pas à beaucoup de gens de confier

ou non son argent à un robot mais le fait que ce soit gérer automatiquement,

les process qui sont automatisés derrière, ce n’est pas un peu paradoxal par

rapport à l’idée d’essayer de toucher le plus grand nombre de personnes ?

Non car le but est de rendre un service qui ne sera accessible qu’à une certaine

clientèle, un grand public et pour ça il faut avoir des volumes et ces volumes

se trouvent dans les grands publics. Ça dépend de la définition mais 70% de

l’AUM se trouve dans la masse « fluent ? ». Je suis certain que vous avez déjà

lu les raisonnements de la plupart des robots entre 2010 et aujourd’hui. Ce

n’est pas un segment qui est desservi mais qui a des portefeuilles trop petits

pour mettre un gestionnaire une heure par semaine et qui est accessible pour le

client, c’est trop cher. Automatiser tout ça, la gestion, le conseil, le profilage,

le home boarding et les suivis, c’est le problème des robots.

21. En cette période de crise, comment ça se passe pour vous, vos outils, birdee ?

au niveau des clients, ont-ils une réticence par rapport à leur portefeuille ? y

a-t-il des réactions ?

Les robots ont le marché derrière eux donc tant que tout se passe bien, pas de

soucis mais dès qu’il y a une chute de valorisation de portefeuille ou une crise,

c’est là où tous les clients vont s’enfuir et n’auront pas les moyens d’expliquer

ce qu’il se passe. Ce que nous on voit, c’est l’inverse. Certes on a investi du

temps dans la communication et on communique bien avec nos clients pour

leur expliquer ce qu’il se passe et pourquoi et ça rapport donc on a vu plus

d’inflow avant donc ils remettent de l’argent donc l’impact est un peu neutral-

isé. Des énormes fermetures de comptes on n’en a pas, c’est plutôt l’inverse.

On a bien fait notre travail à l’avance pour être certains que les profils à niveau

de risque sont prêts à supporter. Il ne faut pas s’attendre à des réactions néga-

tives, les gens sont au courant que le marché se porte mal et que leur porte-

feuille n’est pas immunisé.
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22. Y a-t-il des systèmes de stop-loss qui sont activables ?

Oui on a un système qui s’ajoute, l’optimiseur qu’on utilise est un sismo-

graphe. C’est un outil qui va détecter la nervosité du marché et qui se dé-

clenche en mode feu rouge dès que les marchés sont très turbulents. Ce n’est

pas un vrai stop-loss mécanique. On a déjà beaucoup débattu s’il faudrait en

mettre un mais on a plutôt ça aujourd’hui.

23. Dans le cas où un des ETF que vous proposez tombe très bas, y a-t-il une éven-

tualité de remplacer ou d’arbitrer cet ETF par un autre ?

Avec un ETF on essaye de capter un certain niveau de risque pour avoir un

return, si on remplace c’est souvent pour avoir un ETF qui ressemble mais

qui a un trecking erreur plus correct ou une liquidité plus haute ou des frais

plus bas. Ce remplacement manuel ne se fait pas vraiment sur base des évène-

ments de marché mais plutôt sur une sélection. Après, c’est l’algorithme qui va

diminuer ou non l’allocation d’un portefeuille mai il ne pas choisir lui-même

de remplacer un truc pour un autre.

24. Donc il y a toujours cette transparence par rapport au client en lien avec ce

qu’il investit ?

Bien sûr, on va dans l’outil, on va dans l’allocation, on le voit uniquement

quand on a un vrai portefeuille, pas en virtuel. Mais dès qu’on a un vrai porte-

feuille, on a une transparence complète de quel ETF le client a investi

25. J’imagine que changer trop souvent de lignes, d’ETF, ça effrayerait les clients

de voir qu’il y a toujours des ventes et des achats tous les jours ?

Honnêtement, j’ai une majorité des clients qui ne regardent même pas. Ils ont

souscrit pour un certain niveau de risques et de performance. Déjà l’arrêt bal-

ancement, le cout est pour birdee. S’ils estiment que c’est une bonne idée de

relancer toutes les 5minutes, je ne pense pas que ce soit une bonne idée car ça

entraine leur frais, mais le client payerait exactement la même chose donc à

priori un client qui est intéressé peut voir chaque relancement, chaque transac-

tion mais la majorité ne regarde pas le détail et se concentre sur la performance
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et le risque. Ils ont le droit à la transparence des portefeuilles, c’est un avantage

aussi des robots.

26. En quelques mots, comment voyez-vous le futur financier ? avec ou sans les

robots advisors ? comment voyez-vous l’avenir à CT et à MT pour le marché

de la finance ? pensez-vous que dans l’avenir, tout le monde serait intéressé

par la finance ou l’investissement ? si oui, serait-ce grâce aux robots ou à vous

et vos outils ?

Prédire le marché, je le laisse aux autres comme ça ils peuvent se tromper et

pas moi. Mais je pense qu’on est dans une période difficile économiquement

parlant. Les bourses sont une réflexion et aussi un prédicteur de cela. La ver-

sion risque des clients typiquement dans des périodes de crise est plus élevée.

A CT ou quelques mois après, les clients qui n’avaient pas encore fait le pre-

mier pas, cela ne va pas les pousser à franchir ce pas plus vite qu’avant, c’est

une certitude pour moi. Tout le monde n’a pas une sorte de mean-reversion en

se disant les prix sont bas donc je vais investir. C’est surtout se dire je vais in-

vestir ou pas qui détermine le succès d’un robot mais ça c’est de courte durée.

Pour le LT on parle plutôt dans quelle classe active je dois investir pour le LT et

pour ma pension. Je ne pense pas que les taux vont très vite augmenter. Rester

en cash ça restera une perte certaine et les gens vont continuer à chercher des

alternatives. Souvent, ce sont les choses que les gens connaissent bien comme

investir dans une maison, ça reste une classe que les gens regardent en détail.

Il y aura toujours un besoin, une nécessité ou un regard sur quelles sont les

alternatives ? et ces dernières se trouvent dans les investissements et moins

cher, dans les robots. On est toujours dans le bon marché, dans la technologie

mais on va vers une période plus compliquée en termes de nouveaux clients.

Cela ne remet pas en question une tendance qui était déjà là, moins de visites

physiques et plus d’options de digital et plus de services automatisés. Les gens

ont de plus en plus confiance en des algorithmes comme le GPS ou les choix

de musique. L’avenir reste positif mais à CT c’est compliqué comme chaque

vague de crise dans la finance.
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7.3 Interview 2 : Corentin Scavée from Easyvest

1. Comment fonctionne votre robo-advisor ?

Le premier contact est avec l’algorithme, la plupart des robots-conseillers au-

tomatisent tout ou la plupart des process. Chez Easyvest, on automatise le

plus possible et l’intervention humaine n’intervient qu’au moment de la vali-

dation. Je ne pense pas qu’on serait encore là si on avait tout automatisé, et

c’est notamment grâce à cela qu’on en est là aujourd’hui.

2. Vous pensez que les clients seraient moins intéressés par le côté technologique

?

Il y a énormément de choses que le client peut faire lui-même, il est d’ailleurs

ravi de le faire lui-même (s’intéresser aux brochures, etc.). Pendant l’étape de

découverte, le client est ravi de ne pas avoir d’intervention humaine, de faire

une simulation (pour autant qu’il ne partage pas trop l’information) en échange

de ses informations d’avoir déjà une idée de ce dans quoi il va investir. Il ya

ensuite la partie « robot » où on joue, où on peut voir les différents impacts

des différents paramètres du portefeuille. Cette collecte d’informations est au-

tomatisée, il y a ensuite le coté sentimental, qui requiert effectivement une

intervention humaine lors de la validation. On se rend compte aussi qu’il y a

beaucoup de gens qui ont beaucoup de questions qui leur viennent à l’esprit

durant le processus. On essaie d’anticiper les questions au mieux et de pré-

parer les réponses automatiquement, mais il y a toujours des questions plus

spécifiques. Ce contact humain est essentiel, car l’actif principal qui manque

en général est la confiance humaine.

3. Par rapport aux clients, est-ce qu’il n’existe pas cette clientèle qui cherche

ce contact humain en tant que conseiller plutôt qu’un robot qui formule des

réponses automatisées ?

Il y a un nombre énorme de profils de clients différents. Chez nous, il y a

moins d’humain, mais à coté de ça, les frais sont vachement moins élevés et
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le rendement en ressort beaucoup plus élevé également. Si vous payez moins,

mécaniquement vous aurez un moins bon rendement. Avec un rendement d’en

moyenne 1.5% par an, si on projette ça sur 20 ans ou même la vie entière

d’un client, ça représente des sommes conséquentes en jeu. C’est un argument

de poids, même s’il existe toujours des gens qui ne veulent pas de conseiller,

qui veulent décider eux-mêmes. Ceux-là, Easyvest ne les intéresse pas, vu la

simplicité de la solution que l’on propose. La solution nest pas suffisamment

complexe, pas d’opérations de trading etc. On estime que notre solution hy-

bride est optimale : on automatise tout ce qui n’a pas de valeur, et on offre

notre coaching à ceux qui le souhaitent.

4. Concernant les frais que vous imputez, quelles sont les types de frais qui sont

impliqués ?

Ca comprend à peu près tout, en base annuelle mais prélevés mensuellement,

les frais de dépôt, les frais du tracker (attention, tous les robots ne fonctionnent

pas avec les trackers).

5. Ces trackers sont choisis automatiquement sans intervention humaine ?

On a accès à tous les ETF, et selon les critères que l’on détermine pour shortlis-

ter les ETF qui correspondraient aux critères qu’on a défini, on va poser notre

droit de veto sur ces choix des robots.

6. Notre question de recherche s’intéresse à l’intervention humaine dans le pro-

cess entier du robo-advisor. Chez Easyvest, cette intervention ne se limite donc

qu’au niveau de l’étape de sélection des trackers et peut-être dans la prise de

décision en amont ?

Il y a tellement de modèles de robots possibles. Le robot suit un modèle

d’optimisation financière, qui veut créer un portefeuille sur la courbe d’efficience,

qui donne un meilleur rendement pour un niveau de risque donné, quelles que

soient les combinaisons d’actifs disponibles dans le marché. Normalement le

modèle utilise, pour les performances et la volatilité, les données historiques.
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On estime que l’histoire se répète et les données qui sont normalement dis-

tribuées sont une bonne indication des marchés à l’avenir. Si vous utilisez un

modèle d’optimisation financière, il va toujours utiliser 2 actifs uniquement

pour constituer un portefeuille qui sera sur la frontière d’efficience. On pour-

rait travailler sur base d’indices plutôt que de trackers (qui sont des paniers

d’actions) qui offrent le meilleur couple-rendement. La 1e manière est donc

de prendre les données historiques, et laisser le modèle faire. Vous obtenez

toujours un modèle à deux actifs. Maintenant, il y a 2 autres choses que

l’on pourrait faire (ce qui se fait chez nos concurrents, car nous sommes les

seuls à faire ce que je viens de décrire), qui nécessite plus d’intervention hu-

maine à d’autres niveaux. La première est de se dire que l’on ne travaille pas

sur les données historiques, le rendement à venir est à définir humainement,

moyennant un comité d’investissement, sur base des convictions d’un comité

d’investissement. Par exemple chez KeyPrivate, ils vont faire des projections

sur la comète et vont dire telle ou telle classe d’actifs ne va pas avoir de bon

rendement à l’avenir, ils vont donc introduire des données humaines dans le

modèle, qui vont servir à optimiser le modèle. Le modèle sera probablement

basé sur la volatilité historique (car difficile de se projeter sur la volatilité),

mais par contre introduire des données de rendements attendus qui sont issus

du comité. Là, il peut y avoir intervention humaine, en introduisant des don-

nées qu’aucun robot ne peut aller chercher puisqu’elles ne sont pas connues.

La deuxième est de se dire qu’un modèle à 2 actifs est trop simple (souvent

pour des raisons marketing) et comment justifier ça auprès des clients ? Pour

des clients qui voudraient être plus diversifiés, qui voudraient plus que 2 actifs,

on va contraindre le robot (on ne veut pas un seul portefeuille actions et un seul

portefeuille obligations qu’on pondère d’une certaine manière) en lui ajoutant

par exemple des secteurs d’investissement définis (Asie, commodités, Europe,

etc.). Le robot va naturellement donner un modèle à deux actifs. Pour avoir

plus d’actifs, on contraint donc le robot humainement où on définir les poids

des différents actifs dans le modèle. On agit souvent par contrainte minimale :
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l’actif qui est le plus pertinent sera naturellement optimisé et surpondéré par le

robot, pendant que les autres seront sous-pondérés. C’est un modèle fréquent,

sur lequel j’ai pu travailler avant d’arriver chez Easyvest chez Family Office.

On se rend compte que les actifs sous-optimaux sont pondérés au minimum

défini, alors qu’un autre actif est maximisé. Chez Easyvest donc, on laisse le

robot faire, avec un modèle à 2 actifs (panier d’actions du monde qui est l’actif

sans risque pour l’investisseur européen, càd un panier d’obligations d’état eu-

ropéen). C’est la théorie moderne du portefeuille que vous avez sûrement déjà

étudié, qui finalement donne le meilleur résultat.

7. En effet. Comment gérez-vous les questions complexes formulées par les clients,

qui seraient difficilement intégrables dans les robots ?

le robot ne laisse pas le choix de poser des questions au client. Par téléphone on

leur explique notre proposition de valeur qu’on estime être optimale, et on leur

explique qu’il ne sert à rien de « chipoter » et d’ajouter d’autres actifs. Si vous

allez sur d’autres robots-conseillers, parfois le robot propose de sélectionner

des secteurs. En fait, le client joue le rôle du comité d’investissement, ce qui

est la pire chose à faire, étant donné que plus de 90% des gens n’y connaissent

rien. Même ceux qui croient savoir, ne connaissent rien. Et on demande à ces

gens de faire des choix, choix qui seront guidés par ce qu’ils ont déjà pu en-

tendre, lire, ce qui crée des portefeuilles sous-efficients, pondérés de manière

non-optimale dans tel ou tel secteur. Ces portefeuilles présentent une bonne

performance historique (puisqu’on base nos choix sur ce qu’on a entendu, des

bonnes perfs récentes etc.) et qui ne donnent pas de bonnes performances at-

tendues, ce qui est généralement le but de l’investissement. Le secteur phare

aujourd’hui ne sera pas le secteur phare dans 10 ans. Quand on voir les plus

grosses sociétés aujourd’hui, elles n’existaient pas il y a 10 ans. C’est péri-

odique, à part Microsoft dans le top10 depuis 30 ans. Ca montre bien que se

baser sur les performances sectorielles passées ne fonctionne pas.

8. La clientèle cible que vous visez n’est donc pas la même que d’autres robots ?
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Les solutions plus libres proposées par Birdee par exemple visent plutôt des je-

unes, qui veulent s’amuser et découvrir de manière plus ludique et dynamique

qu’en investissant dans des obligations d’état malgré de bonnes performances

que vous proposez, qu’en est-il de votre clientèle ?

En termes de connaissances, vous avez de la chance de faire des études de fi-

nance. Et malgré ces études, on vous clusteriserait parmi les gens qui n’y con-

naissent rien. Pourquoi ? Parce qu’à l’époque j’étais aussi à votre place (non

pas pour vous rabaisser ni quoi que ce soit !!) et il m’a fallu du temps pour le

comprendre. J’ai travaillé avec des gens de la LSM, et c’est à posteriori qu’on

s’est rendus compte qu’on ne comprenait pas ce dans quoi on investissait. Les

connaissances qu’on avait n’étaient pas correctes, sans informations de marché

vérifiées. Le bagage de connaissances n’est pas suffisamment fourni que pour

affronter le marché en tant que tel. La connaissance la plus importante est

de savoir définir sa propre réaction face aux mouvements de marché, et ça

personne ne l’a tant qu’on n’a qu’une connaissance théorique. Tout ça pour

revenir au fait que je ne suis pas convaincu qu’il y ait une si grande demande

pour des solutions d’investissement où on laisse les gens choisir. En termes

de nombres de personnes, il y a plus de gens qui cherchent une solution sim-

ple, qu’on peut comprendre facilement et pas chère, qui veulent simplement

investir sans avoir à se documenter sur tout. Ils veulent juste que leur capital

s’apprécie, selon leur degré de risque défini. J’estime qu’il y a au moins 10%

de la population pour qui notre solution est trop simple.

9. Et ces 10% ne sont donc pas votre cible

Non, on préfère proposer un produit qui parle « aux masses », qui soit simple.

10. Et pendant cette période de crise actuelle, comment performent vos porte-

feuilles ?

Ils montent et baissent comme les marchés. Si vous avez regardé notre site,

notre portefeuille est composé de 2 trackers, le MSCI World All et un autre
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tracker dans lequel il y a 400 obligations d’état gouvernementales. Les porte-

feuilles plus dynamiques ont plus bougé, il y a eu plusieurs jours à -10%, mais

ça fait partie du jeu.

11. Dans ces cas-là, y a-t-il des systèmes de stop-loss qui sont activés ou ac-

tivables, des arbitrages éventuels ?

Certains de nos concurrents le font, pas nous car on estime que sur le long-

terme, ça ne fonctionne pas. C’est le meilleur moyen pour liquider un porte-

feuille à un niveau ou le marché va rebondir derrière, et on n’est plus dans le

marché quand il rebondit. On achète plutôt quand les marchés baissent.

12. Comment réagissent les clients ? Comment communiquez-vous avec eux ?

On a communiqué quand le marché était au plus bas, en leur disant de ne pas

paniquer et que ça allait rebondir (en effet). On passe aussi du temps avec

nos clients pour les assurer qu’ils sont exposés au bon profil de risque et si le

marché devait baisser, il doit baisser d’autant. Ils sont conscients que ce genre

de choses peut arriver. En effet, s’ils ne sont pas prévenus, ils peuvent être

surpris.

13. Dans le cas où vous pensez prévoir une baisse de marché (si faisable), il ne

vaudrait pas mieux essayer de rebalancer les portefeuilles où ça reste une

méthode non optimale ?

On ne sait jamais prévoir les baisses. Ca fait un mois que je me dis que les

marchés vont rebaisser, et pourtant ca remonte. Les chiffres de chômage aux

USA ne sont pas si mauvais au final. On ne sait rien prédire. Si ça se trouve

demain il y a une seconde vague, un autre plan budgétaire. Les seules person-

nes qui ont des informations privilégiées, qui sont les managers en haut conseil

dans les sociétés, qui sont interdites de divulguer ce genre d’informations. On

est en période d’incertitude, entre le haut et le bas. Les avis diffèrent selon

les informations que l’on collecte. Les arbitrages ont des impacts négatifs sur

notre performance. Les frais de trading sont trop élevés que pour que ce soit
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optimal. Prédire le marché ne fonctionne pas, il suffit de regarder les perfor-

mances de KeyPrivate, elles sont lamentables.

14. Toute la réflexion sur les choix des trackers est une vision à long-terme ou

plutôt moyen terme ?

Les clients définissent leur horizon d’investissement, et en fonction, on leur

propose les meilleures solutions. Ce sont les données de base qu’on peut

utiliser pour faire des recommendations. On peut utiliser plus de données,

mais ca n’apporte pas beaucoup de valeur en général.

15. Vous avez travaillé sur la conception du robot ?

Oui. La partie composition du portefeuille est accessible à beaucoup de monde,

pour ceux qui ont suivi la finance à l’université. On a complexifié les modèles

de base d’optimisation. Les modèles de projection plus statistiques est plus

compliqué.

16. Pourquoi vous-êtes vous décidé à travailler sur les robots ?

J’ai fait de la gestion active de portefeuille, et ça ne marche pas vraiment.

La valeur se crée par l’allocation d’actifs que vous choisissez. Parfois vous

faites un gros coup, maic c’est généralement du bol. Ce qui m’intéressait chez

Easyvest, le projet entrepreunarial m’intéressait, et j’avais le sentiment de créer

de la valeur pour les investisseurs en agissant comme un chevalier blanc en leur

offrant une solution simple et abordable, qui leur permettait de maximiser leurs

profits.

17. Comment vous verrez cette fin de crise et comment ca se passerait pour Easyvest

? A moyen terme ou long terme, comment voyez vous les robots dans le monde

de la finance ?

Je pense qu’il y aura toujours des gens qui voudront de l’humain, d’autres

chercheront des solutions simples comme les nôtres. Easyvest est encore tout

petit sur le marché, le monde des robots le sont aussi, et je pense qu’il y a

un gros potentiel de croissance. On offre ce type de produits à des partic-

uliers, mais pas encore aux investisseurs institutionnels. La part des robots

Appendix 7.3: Interview 2 : Corentin Scavée from Easyvest



90

aujourd’hui dans les robots est « peanuts », dans 10 ans j’imagine que ca

représentera plus de 50% du marché.

18. Avez-vous des projets de partenariat ou des projets de vente où vous offrez vos

services à d’autres institutions ?

Pas de partenariats prévus avec des institutions financières, car la plupart ont

décidé de faire ça eux-mêmes. Belfius Track, Hello Bank, KeyPrivate, Birdee...

19. Je pense qu’on a fait le tour des questions, un grand merci d’avoir pris le temps

de nous répondre !

Avec plaisir, si vous avez d’autres questions n’hésitez pas à me recontacter par

mail, et bonne chance pour votre mémoire !

Appendix 7.3: Interview 2 : Corentin Scavée from Easyvest



91

7.4 MVO Proof

Let’s consider a market of N securities, for each security or asset A j, we get T rated

historical returns denoted R j=[r j1 r j2 r j3 ... r ji r jT ] or generally speaking, for

all titles, we have:

R =


r11 r12 ... r1T

r21 r22 ... r2T
...

... . . . ...

rN1 rN2 · · · rNT

=


R1

R2
...

RN

 (5)

where R is the matrix of the returns of the N securities collected over T period. We

can thus determine the column vector of mathematical expectations µ of dimension

Nx1 :

µ = E[R] = E

[(


R1

R2
...

RN


)]

=


E[R1]

E[R2]
...

E[RN ]

=


µ1

µ2
...

µ3

 (6)



92

and the symmetrical variance matrix Σ of dimension NxN:

Σ = Var[R] =


Var[R1,R1] Var[R1,R2] · · · Var[R1,RN ]

Var[R2,R1] Var[R2,R2] · · · Var[R2,RN ]
...

... . . . ...

Var[RN ,R1] Var[RN ,R2] · · · Var[RN ,RN ]



=


Var[R1,R1], Cov[R1,R2] · · · Cov[R1,RN ]

Cov[R2,R1] Var[R2,R2] · · · Cov[R2,RN ]
...

... . . . ...

Cov[RN ,R1] Cov[RN ,R2] · · · Var[RN ,RN ]



=


σ2

1 σ1,2 · · · σ1,N

σ1,2 σ2
2 · · · σ2,N

σ1,N σ2,N · · · σ2
N



(7)

On the diagonal, we have the variance of each security. It should also be noted

that our covariance or variance matrix is symmetrical i.e. Σ = Σ>. Thus, it is possi-

ble to construct a portfolio P(ω) with :

ω =


ω1
...

ωN


Where ω represents the vector of the weights of each security or asset in the

portfolio. The sum of each weight must always be equal to 1, in other words ω>u= 1

with :

u =


1
...

1


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We can express the expectation µp and the variance σ2
p of the portfolio like this:

µp = ωT µ

Σp = ωT Σω

(8)

7.4.1 Minimization of the variance

Given the preference to lower risk and higher expected return, an investor can

decide to minimize its variance or maximize the expected return, subject to a certain

constraint. In our case, we will focus on minimizing the level of risk by resolving a

quadratic programming problem.

 Min σ
2
p(ω) = ω

T Σω

Subject to ω
>

µ = 1
(9)

To resolve this optimization problem, we will use the Lagrange multiplier:

L (ω ,λ ) = ω
T Σω−λ (ωT u−1)

Where λ is defined as the Lagrange multiplier.

We impose that the partial derivatives are equal to 0:


∂L
ω

= 2Σω−λu = 0 (a)

∂L
∂λ

= ω>u−1 = 0 (b)

We will isolate ω in equation (a) while paying attention to the rules of the inverted

matrices:

(a) 2Σω−λu = 0 =⇒ ω =
1
2

λ Σ−1u

(b) ω
>u−1 = 0 =⇒ ω

>u = 1

1
2

λu>Σ−1u = 1

λ =
2

u>Σ−1u
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We put this λ expression into equation (a) and we get:

ω =
1
2

(
2

u>Σ−1u

)
Σ−1u

=
Σ−1u

u>Σ−1u

(10)

7.4.2 Efficient Frontier

The investor can build portfolios according to his preferences. However, not all

portfolios are efficient. An efficient portfolio is any portfolio that gives the highest

expected return for a level of risk , or conversely, any portfolio exposing to the lowest

risk for a given level of expected return. We have only one efficient portfolio P(ω∗)

for a given level of expected return µ0. All the portfolios that follow this property

forms the efficient frontier.

Our goal is to be able to find this efficient frontier or at least express a function

that allows us to determine the portfolio for a target performance level µ0. This

problem can be formulated as follows :


Min σ

2
p(ω) = ω

>Σω

sc. de ω
>

µ = µ0

ω
>u = 1

(11)

To solve this program, we do the same as previously. First we define the Lagrange

multiplier and then, we pose the partial equation equals to 0.

L (ω ,λ1,λ2) = ω
>Σω−λ1(ω

>
µ−µ0)−λ2(ω

>u−1)
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

∂L

∂ω
= 2Σω−λ1µ−λ2u = 0 (a)

∂L

∂λ1
= ω

>
µ−µ0 = 0 (b)

∂L

∂λ2
= ω

>u−1 = 0 (c)

Here again we will first determine an expression of ω as a function of λ1 and λ2,

then we will implement it in equations (b) and (c) like this:

(a) 2Σω−λ1µ−λ2u = 0 =⇒ ω =
1
2

Σ−1(λ1µ +λ2u)

(b) ω
>

µ−µ0 = 0 =⇒ 1
2

λ1µ
>Σ−1

µ +
1
2

λ2u>Σ−1
µ = µ0

(c) ω
>u−1 = 0 =⇒ 1

2
λ1µ

>Σ−1u+
1
2

λ2u>Σ−1u = 1

To simplify this system, we define:

A = µ
>Σ−1

µ (12)

B = u>Σ−1
µ (13)

C = u>Σ−1u (14)

We get :

1
2

λ1A+
1
2

λ2B = µ0

and

1
2

λ1A+
1
2

λ2C = µ0
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We multiplied both equation by 2 and we write it through a matrix system to

resolve it more easily:

Aλ1 +Bλ2 = 2µ0

Aλ1 +Cλ2 = 2
⇐⇒

B A

A C

λ1

λ2

= 2

µ0

1


We recognize a known equation of the matrix calculation:

Mx = b =⇒ x = M−1b

Therefore, let’s say

M =

B A

A C

 , M−1 =

B A

A C

−1

=
1

BC−A2

 C −A

−A B


and if

b = 2

µ0

A


and let’s say that D = BC−A2 Therefore,λ1

λ2

=
2
D

 C −A

−A B

µ0

1

=
2
D

 Cµ0−A

−Aµ0 +B


It involves this solution for 1 and λ2

λ1 = 2
−A+Cµ0

D
and λ2 = 2

B−Aµ0

D

We then place these lambda expressions in ω’s expression (a). Indeed, we previ-

ously had:
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ω =
1
2

Σ−1(λ1µ +λ2u) simplifying the 2 and taking out D

=
1
2

Σ−1
[

2
(
−A+Cµ0

D

)
µ + 2

(
B−Aµ0

D

)
u
]

=
1
D

Σ−1
[
(−A+Cµ0)µ +(B−Aµ0)u

]
=

1
D

Σ−1
[
−Aµ +Bu)+ (Cµ−Au)µ0

]
=

1
D

Σ−1(−Aµ +Bu)+
1
D

Σ−1(Cµ−Au)µ0

We can finally conclude that:

ω = Eµ0 +F (15)

with

E =
1
D

Σ−1(Cµ−Au) and F =
1
D

Σ−1(−Aµ +Bu)

Now we can express our efficient frontier function, which just an expression of

σ2
p in function of µ0

σ
2
p(µ0) = ω(µ0)

>Σω(µ0) (16)

Appendix 7.4: MVO Proof
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7.5 Average Financial Advisor Fees

FIGURE 4: Average Financial Advisor Fees (AdvisoryHQ, 2020)

Appendix 7.5: Average Financial Advisor Fees
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7.6 Schwab Intelligent Portfolios Questionnaire

FIGURE 5: Schwab Intelligent Portfolios Questionnaire, (Schwab,
2020d)

Appendix 7.6: Schwab Intelligent Portfolios Questionnaire
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7.7 Schwab Intelligent Portfolios Risk Determination

FIGURE 6: Schwab Intelligent Portfolios Questionnaire, (Schwab,
2020d)

Appendix 7.7: Schwab Intelligent Risk Determination
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